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The M odified T riterpenes
The th ree  sec tio n s  o f th is  t h e s is  describe the c o n s t itu t io n  and 
stereoch em istry  of the furanoid b it t e r  p r in c ip le s  sw ieten in e1 (B7), 
nimbin® (C l) and salannin^ (D l) . I t  w i l l  be observed th a t th e se  
compounds have a c lo se  b io g en e tic  r e la tio n sh ip  w ith  lim onin (A l) and 
i t  seems appropriate to  preface the th e s is  w ith  a review  of the  
m odified t r ite r p e n e s .
The stru ctu re o f lim onin was deduced sim ultaneously from the chemical
work o f th ree groups o f in v e s t ig a to r s  > and from an X-ray study •
fiFrom a b io g en e tic  viewpoint lim onin cen be derived from a 
precursor p o sse ss in g  the carbon-skeleton  and stereochem istry o f  th e  
t e t r a c y c l ic  tr ite r p e n e  euphol (A2). Cleavage o f the s id e-ch a in  between 
Cgg and fo llow ed  by o x id a tiv e  c y c l is a t io n  o f  the remainder leads  
to  the furan  r in g i The stru ctu re  of f i i n d i s s o l7 (A3) supports th is  
proposal in  th a t f l i n d i s s o l  con ta ins a p o te n tia l furan r in g  w ith  the  
r e s t  o f the s id e -ch a in  in ta c t  and a carbon sk ele to n  id e n t ic a l w ith  
th a t in  euphol.
The m igration  of the methyl group from to  Cg w ith  the  
concom itant lo s s  o f a proton from C-,g and the in trod u ction  o f a 
ketone a t C7 fin d s precedent in  the ox id ation  o f dihydrobutrospermyl 
a ceta te  (A4) to  the 7-ketone® (A5)„ The interm ediate (A6) l as the  
r e q u is ite  fu n c t io n a lity  fo r  i t s  conversion to  any o f the known 
m odified t r ite r p e n e s . Thus a l l y l i c  ox id ation  at C16 follow ed  by 
a B aeyer-V illager  cleavage and cpoxidetion  o f the o le f in ic  linkage
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leads "to the common--epoxy—-d-iacion© -in r ing  Dn Limonin a lso  requ ires  
r in g  A o f th e  'criterpene sk eleton  to  be o x id a tiv e ly  cleaved  between 
Cg and and the carboxy.i fu n ction  at Cg la c to n ised  onto the ox id ised  
methyl at C^g and the hydroxyl group at to  c y c l is e  onto the o le f in ic  
linkage at Precedents for the Cg -  cleavage are to  be found in
th e  tr ite r p e n e s  dammarenclic9 (A7) and nyctanthic a c id s9 ,10  (AS).
Tvo compounds, obscimone (A9) and nom ilin (AID) have been r e la te d 11 
to  lim onine B io g e n e t ic a lly , th e ir  stru ctu res are d erived , as in  lim onin, 
from a cleaved  r in g  A.which has not c y c lis e d  onto the ox id ised  methyl 
group Cng but has formed a seven membered ring  lactone in  r in g  A«
One o f th e mere novel rea c tio n s  o f lim onin which has been important 
as a d ia g n o stic  t e s t  fo r  a ssig n in g  m odified tr ite r p e n e s , i s  the base 
ca ta ly sed  lim onol (A ll)  to  merolimcnol (A12) conversion . Limonin on 
Meerwein-Ponndorf reduction  g iv e s  lim onol (A ll)  which has an a x ia l  
hydroxyl group in  keeping w ith  i t s  mode of form ation. On treatm ent 
w ith  b a se , lim onol undergoes a profound rearrangement w ith  the lo s s  
of (3-fu r  fur aldehyde and the form ation o f merolimonol (A12). This 
r e a c tio n , p ecu lia r  to  th e a x ia l hydroxyl, has been r a t io n a lis e d  by 
p o stu la t in g  opening of the epoxide r ing  to  g ive the trim ethylene  
oxide (A1S). This then undergoes b ase-ca ta ly sed  lo s s  o f furfuraldehyde  
as shown w ith  th e form ation o f  th e  hydroxy acid  (A14) which la c to n ise s  
on a c id i f ic a t io n .  This rea c tio n  depends on the presence of a 
a x ia l hydroxyl group and an epcxy-fr-lactone.
The M erolim onol1 rea c tio n  was used in  the s tru ctu ra l e lu c id a tio n  
o f k h iv o r in 1  ^ (A15) and gedunin^  (A16). Khivorin, C^  was
- 2 -
shown to  con ta in  three acetoxyl groups, a furan r in g , an epoxide and a 
6-la cto n e  and must th erefore  be t r ic a r b o c y c lic . The p o s it iv e  ’m erolim onolr 
r e a c tio n  p la ces  an tt-acetate at Cy. H ydrolysis o f deoxykhivorin (A17) ,  
the chromous ch lor id e reduction  product, r e s u lts  in  a tr is d e a c e ty l  
d e r iv a tiv e  which on ox id ation  afforded a tr ik e to n e  (A18) whose u ltr a ­
v io l e t  spectrum in d icated  th a t i t  was a J?,-diketone. This perm itted
the rem aining two a ce ta tes  to  be placed at C-, and C .o
Two te tr a c a r b o c y c lic  compounds, c ed re lo n e^  (A19) and anthothecol^®
(A20) w ith  r in g  D in ta c t ,  a d iosphenol fu n ctio n  in  r in g  B and ana »(3
unsaturated  ketone in  r ing  A have been is o la t e d .  The stru ctu re o f
16cedrelone was determined by X-ray methods. One o f the most in te r e s t in g  
r e a c tio n s  o f cedrelone i s  i t s  treatm ent w ith  boron tr if lu o r id e  e th era te  
to  a fford  isoced re lon e (A 2 l). This a r ise s  through acid  ca ta lysed  
cleavage o f  the epoxide r in g  w ith  concomitant methyl m igration  from 
to  &&& th e  p lac in g  o f a double bond in  conjugation  w ith  the  
furan r in g .
The f i r s t  example o f  a m odified tr iterp en e  in  which r in g  B i s
c lea v ed , i s  sw ietenine^ (B7). B io g e n e tica lly  sw ieten ine i s  derived
from a precursor o f  the type (A22 ) in  which the Cy -  Cg bond i s
c lea v ed , fo llow ed  by a Michael ad d ition  o f C„ to  C • For d e ta ile dc 30
17d isc u ss io n  see page 21  . R ecen tly , two fu rth er examples, andirobin  
(A23) and methyl an gelen sate18 (A24) o f r in g  B cleavages in  C-26 
compounds have been rep orted .
The f i r s t  and, so far., only examples of r in g  G cleavages are 
provided by nimbin2 (C l) and sa lannin3 (D l) . In both th ese  compounds,
- 3 -
rin g  D i s  in ta c t  and the C12 " C13 bond has been broken to  form an 
a c e t io  acid  s id e -ch a in  on Cg. An ad d ition a l point o f in te r e s t  i s  
th a t th ey  are the only m odified tr ite r p e n e s  in  which one o f the C4 
gem dim ethyls has been o x id ise d . R ecently , a group o f C -1 9 ,  C-20 
and C-25 compounds have been added to  the m odified tr ite r p e n e s .
I t  had been proposed th at q u a ss in ^  (A25), a member o f the  
simaroubaceae c la s s  was b io g e n e t ic a lly  derived from the d iterp en oid  
pimarane (A26) sk e le to n  by a s e r ie s  o f  C-methyl s h i f t s  and a s h if t  
o f a two carbon fragment or by ox id a tive  coupling o f two id e n t ic a l
C-10 u n its  as shown in  (A25).
20 21It i s  now proposed 5 th at C-26 terpenoids are the precursors 
o f  the C-20 b i t t e r  p r in c ip le s ,  and th a t th ey  ''ose a C-5 fragment in  
a lim onol to  merolimonol type conversion fo llow ed  by the lo s s  o f  a 
m ethyl group at C^  presumably through ox id ation  and decarboxylation  
o f a precursor s im ila r  to  nimbin. The com pelling fa c ts  th a t support 
t h i s  proposal are the c lo se  s tru ctu ra l resemblance and, more im portant, 
the stereochem ical s im ila r ity  o f the merolimonol compounds to  the  
simaroubaceae C-20 compounds.
Further proof th a t the simaroubaceae compounds are derived from 
a lim onin type compound comes from the e lic '.d a tio n  o f the stru ctu re  
s im a r o lid e ^  (A27) which has a C-25 sk e le to n . The absolute s te r e o ­
chem istry o f sim arolide suggests th a t i t s  precursor may be a t e tr a c y c l ic  
tr ite r p e n e  of th e  ruphol (A2) type from which a methyl group at C4 
has been o x id a t iv e ly  removed. The cleavage of the s id e -ch a in  between 
Cg£ and C24 fo llow ed  by la c to n isa t io n  onto Cg0 leads to  the Y -laoton e.
- 4 -
The proposed b io g e n e s is  i s  then sim ila r  to  th a t o f lim onin; m igration
o f the C14 methyl group to  Cg w ith  the form ation of an a lc o h o lic  group
at Cy and conversion  o f r ing  D in to  the 6 -lacton e by way o f a Baeyer-
V illa g e r  o x id a tio n  on the C g^ ketone group* Opening o f the 6 -lacton e
and r e la c to n is a t io n  onto the hydroxyl group at follow ed by ox id a tion
o f the r e s u lt in g  hydroxyl group at C^  then leads to  s im aro lid e.
The C-20 stru ctu res  o f quassin  (A25), chaparrin^  (A28) and
g ia u ca ru b in ^  (A29) are c lo s e ly  re la ted  to  sim arolide and may be formed
25by the cleavage o f th e -  C^ -y bond. The C-19 compounds samaderine 
(A30) and c e d r o n o lin e ^  (A31) are formed from the above by removal of 
C^g. Both con ta in  oxygen fu n ctio n s at Cj_g suggesting  a further  
o x id a tio n  at C - y  in  the precursor.
- 5 -
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PART I
THE CONSTITUTION OF SWIETENINE
The C on stitu tion  of Swietenine^-
S w ieten in e, the n o n -b itter  p r in c ip le  of Sw ieten ia  macrophylla King
(Fam, M eliaceae) was f i r s t  iso la te d  by S ircar and Chakrabarthy^ who
concluded th a t i t  had the m olecular formula C,0 H0/1 CL, a te r t ia r y  orlo  24 o
in e r t  hydroxyl group, a methoxyl group, a ketone and an a ,  £ Kinsaturated
3 46-lactone i Later in v e s t ig a t io n s  9 were a lleg ed  to  demonstrate th a t  
sw ieten in e has an iso la te d  double bond and i s  b ic a r b o c y c lic , sin ce  
su b stitu te d  napthalenes were is o la te d  from dehydrogenation experiments*
5
In a subsequent in v e s t ig a t io n , an X-ray m olecular weight determ ination  
(565) led  the Indian workers to  r ev ise  the m olecular formula to  
Cgg 0g and to  su g g est, on the b a s is  o f n.m.r* data , the presence 
of a p * su b stitu ted  fur*an, f iv e  C-methyl gfoups and from the r e s u lts  of 
h y d ro ly s is  experim ents, one t ig la t e  and one methyl e ster*  On t h is  
b a s is  th ey  concluded th a t sw ieten ine had th e structure (Bl)»
We have r e in v e stig a te d  the chem istry o f sw ieten ine w ith the  
fo llo w in g  r e s u l t s .
The com position C ^ i.^q Og is  esta b lish ed  by the m ess-spectrom etric  
m olecular w eight (568) o f sx^ietcnine (B7) and -two of i t s  d e r iv a tiv e s  end 
by combustion analyses o f more than th ir ty  d e r iv a t iv e s •
Sw ietenine has three bands in  the in ftured  (n u jo l)  at 2160 w, 1505 w, 
and 877 js crn*'^ ' and in  the nuclear magnetic Resonance spectrum, peaks at 
^ 2*4 -  2 .6  (211, m u lt ip le t ) and T 3 ,5  - 3 * 6  (IK, d if fu se  s in g le t )  a l l  
c h a r a c te r is t ic  o f rp  -su b stitu ted  furan system*
On treatm ent w ith b ase, t i g l i c  acid sublimes from the a c id if ie d  
r e a c tio n  mixture and can be ch aracterised  as i t s  p-bromd-phenacyl e s ter*  
That sw ieten in e i s  a secondary t ig l a t e  e s te r  i s  confirmed by i t s  nuclear  
magnetic resonance spectrum which shows peaks at T 5 .3  (1H, d ou b let,
J s 10 c .p .s * )  and at t  5 (III, m u lt ip le t)  and T 8*2 -  6*3 (611, 2 methyl 
groups)* The m u ltip le ts  observed at 100 lic/S are h igh ly  c h a r a c te r is t ic  
o f t i g l r t e  e s te r s*
That sw ieten ine i s  a methyl e s te r  is  shown in  the nuclear magnetic 
resonance spectrum, ono carbomethoxyl at T6*2 (3Ii, s in g le t ) ;  and by 
a band, in  the in f la te d  spoctifum (carbon te tra ch lo r id e  so lu tio n )  at 
1743 cm“  ^ (methyl e s t e r ) .
Sw ietenine a lso  conta ins a hydroxyl group as shown by the presence 
o f  in frared  oands in  chloroform  so lu tio n  at 3605 (free  h yd roxyl), 354-0 
(bonded hydroxyl) cm“  ^ and a peak at T -5 .5  (IK, doublet J a 1 c .p .s * )  
in  the nuclear magnetic resonance spectrum which disappears on o x id a tio n . 
Horeover, a concentration  -  and temperature -  dependent s ig n a l (111) 
between T 6 .9  and 7.2 in  the n.m.r* spectrum o f sw ieten ine in  CHC1 
so lu t io n  (-Oil) d isappears on exchange w ith  deuterium o x id e . I t  would
appear th at the a lcohol i s  thus secondary and th at i t s  chemical s h if t  
can be accounted for  by the d esh ie ld in g  e f f e c t  of a carbonyl fu n ction  
s itu a te d  to  the a lc o h o l. This can be demonstrated by chemical means 
as in d ica ted  in  the seq u el.
In the in fra red , sw ieten ine a lso  shows absorption at 1752 (6 -la c to n e )  
and 1716 (cyclohexanone) cm”1 in  carbon te tr a c h lo r id e  s o lu t io n . The 
presence o f a saturated ketone in  sw ieten ine i s  fu rth er demonstrated by 
i t s  o p t ic a l ro ta to ry  d isp ers io n  which shows a n egative Cotton curve. 
Although the ketone fu n ction  in  sw ieten ine i s  too  hindered to  form 
d e r iv a tiv e s  under normal c o n d itio n s , the octahydro acid (B8; see below) 
forms an oxime •
The above fu n ctio n a l groups account fo r  a l l  the nine oxygen atoms 
presen t in  sw ie ten in e .
Hydrogenation o f sw ieten ine over 10^ palladium  charcoal r e s u lt s  in  
the uptake o f four moles o f hydrogen to  y ie ld  a c r y s ta ll in e  octahydro 
acid  (B8) a r is in g  from hydrogenolysis of the lactone attached a l l y l i c a l ly  
to  the furan r in g , and sa tu ra tio n  of th e  furan and t ig la t e  double bonds* 
The nuclear magnetic resonance spectrum shows the disappearance o f a 
shafp s in g le t  which i s  present at 4*3 -  4*6 in  a l l  sw ieten ine  
d e r iv a tiv e s  which r e ta in  the 6 -la cto n e  and fufan  fu n ction s and i s  
th ere fo re  assigned to  p o s it io n  17 in  sw ieten in e .
The octahydro acid (B8) H ^  0^, m .p. 153 -  1540|fc} ^ -  190°, 
had a pK value o f 5.92 and the methyl e s te r  (B9) Cgg H^q Og, m .p.
from the octahydro acid has absorption  
in  the in frared  at 1734 cm"1 ( in  carbon te tr a c h lo r id e )  which shows th at
i t  i s  not an c.-hydroxy, a -a lk oxy  or Cf,{3 -  unsaturated carb oxylic  e s t e r .
This leads to  p a rt-stru ctu re  (B2) for sw ie ten in e .
The octahydro acid gave a p o s it iv e  tetranitrom ethane t e s t  and s t i l l
re ta in ed  end absorption in  the u lt r a - v io le t  X 202 nut £ 6 .3 0 0 )  thusmax / * 1
in d ic a tin g  the ex isten ce  of an is o la te d  double bond ( T 4.63, 1H, m u lt ip le t)
in  sw ieten in e which has survived hydrogenation* That the double bond was
hindered was a lso  shown by the fa c t  th a t the octahydro acid  methyl e s te r
(B9) was in e r t  when reacted  w ith  osmium te tro x id e  in  dioxan fo r  four days.
By r e flu x in g  the octahydro acid w ith  hydroxylamine hydrochloride in
p yrid ine for  three days, a c r y s ta ll in e  oxime (V H NO (BIO) m.p.
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251 -  254 was obtained (sw ieten ine i s  unchanged under th ese  co n d itio n s)  
a fford in g  furtheh proof o f  the presence o f an aldehyde or ketone fu n ction  
in  sw ieten ine *
Hydrogenation o f sw ieten ine over Adam’ s c a ta ly s t  in  e th y l a ceta te  
resu lted  in  the uptake o f one mole o f hydrogen to  y ie ld  c r y s ta ll in e  
dihydrosw ieten ine (B ll )  C H 0 m.p. 224 -  22£P a r is in g  from the
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sa tu ra tio n  o f only the t ig l a t e  double bond. This can be shown in  the  
nuclear magnetic resonance spectrum where the p.'-m ono-substituted furan  
protons Ct’2 .6 ,  2H, m u lt ip le t;  3 .6 ,  1H, m u lt ip le t ) ,  o le f in ic  proton  
( T 4 .5 , 1H, m u lt ip le t)  and H ("C 4 .3 ,  1H, s in g le t )  are s t i l l  present 
and the m u ltip le t  at T-3.0 (1H, m u lt ip le t)  of the t ig la t e  o le f in ic  bond 
has d isappeared .
A llow ing for  the fu n ctio n a l groupswhich have been accounted fo r ,
sw ie ten in e , C H 0 , must be tr ic a r b o c y c lic •62 40 9
I f  the con tr ib u tion s to  the m olecular formula o f the t ig l a t e  and
methyl e s te r s  are subtracted from the m olecular formula o f sw ieten in e , 
we a rr iv e  at the com position Cg6 H32 Og fo r  d estig lo y l-d esm eth y l 
sw ie ten in e . This suggests a limonin-type® structure based on a m odified  
euphol skeleton* Sw ieten ine, however, l ik e  lim onin contains only four  
C-methyl groups (apart from the t ig la t e  e s t e r )  at % 8 . 6 0  (CHg -  C -  0 »  0 
and t  8 . 9 6 ,  9 . 1 3 ,  and 9 .2 2  (quaternary m eth y ls). The f i f t h  methyl group 
of euphol must th erefo re  be ox id ised  or incorporated in  a carb ocyc lic  
r in g .
Sw ietenine can be ox id ised  smoothly by e ith e r  the Sarret or Jones 
reagents to  dehydroswietenine Cg2 Hgg Og (B12) m .p. 260 -  2 6 5 ° ,[qJ -  149°, 
V 1730 and 1705 cm“^. The nuclear magnetic resonance spectrum shows
the disappearance o f the hydrogen atom on Cg , and the s h if t  o f Hg from 
T 6 .5  in  sw ieten ine to  t4 .9 7  in  dehydr^swietenine. This th erefore  
rep resen ts  o x id a tion  of th e e  -hydroxy e s te r  to  an (*.-keto e s t e r .  
D ehydroswietenine can be reduced back by e ith e r  sodium borohydride or , 
in  b e tte r  y ie ld ,, by zinc dust in  re flu x in g  a c e tic  acid to  sw ieten in e , 
the second k eton ic fu n ction  remaining u n affected .. This y ie ld s  fu rth er  
proof th a t the hydroxyl group in  sw ieten ine i s  secondary and is  a lso  
a t o  the methyl e s t e r .
The a lk a lin e  h y d ro lysis  o f sw ieten ine g ives a complex mixture of  
acids (the derived methyl e s te r s  show nine spots on a chrom atoplate) 
but by v ir tu e  o f i t s  in s o lu b i l i t y  in  chloroform , the c r y s ta ll in e  
d e stig lo y l-d e sm e th y l- i s o sw ieten ine C2g H32 Og (B13) m.p. 246 -  248°,
“ 67°,. could be separated in  Z0% y ie ld .  This acid had a pK 
value o f 4 ,85  which again suggests th a t one o f the hydroxyl groups
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i s  attached  c t o  the carboxyl group. M ethylation o f th is  compound 
gave d e s t ig lo y l- is o sw ie te n in e  (B14) C2? H34 Og, m.p. 243 -  246°, [<J -  67 ° ,
vm ax^ 3604, 3530 and 1730 cm“* ,^ T ig lo y la tio n  o f d e s t ig lo y l- i s o sw ieten ine  
(B14) w ith  t i g l o y l  ch lor id e  in  pyrid ine y ie ld s  i s o sw ieten ine (B15)
^32 ®40 m,P # 213 -  215°, -  57°, isom eric w ith  sw ieten ine and
con ta in in g  the same fu n ctio n a l groups. (Sw ietenine does not react w ith  
t i g l o y l  c h lo f id e  under the same c o n d it io n s ) . This i s  demonstrated in  the  
o p t ic a l  ro ta to ry  d isp ersio n  curves of sw ieten ine and i s o sw ieten ine in  
methanol both o f which show a negative Cotton e f f e c t ,  (Fig* V ), i s o sw ieten ine  
having the sm eller am plitude. In the in frared  (n u jo l) spectrum, i s o sw ieten ine  
has bands at 3500 (hydroxyl), 3100* 1500* 879 (fur*an)* 1705 ( t ig la t e  e s t e r ) ,  
1725 (methyl e s t e r ,  &-la cto n e  and cyclohexanone) cm“^. In the nuclear  
magnetic resonance spectrum, the peaks are again very sim ilar  (Table I ) ,  
the major p o in ts  of d iffere n c e  being the chemical s h if t  of the v in y l 
proton at % 3 .88 ( t  4 .63  in  sw ieten in e) and the methine proton Hg.at 
'T 7 .10  ( ^ 6 .5 0  in  sw ie te n in e ). This can be accounted fo r  by the p o stu la te  
th a t in  i s o sw ie ten in e , the v in y l proton i s  desh ielded  and Hjj i s  sh ielded  
by th e-carb on yl group o f the t ig la t e  e s t e r .
Several s itu a t io n s  can be v isu a lise d  to  account for  the sw ieten ine  
i s o sw ieten in e or more simply the d e s t ig lo y l-sw ie te n in e  d e s t ig lo y l -  
i s o sw ieten in e change (see below -  p23)
i )  E p im erisation  c^to the carbonyl an example ( f i g .  I )  of which i s  the  
transform ation  of the c i s  -dec alone to  the tra n s-d eca lon e. This can 
be d iscounted  sin ce the ox id ation  o f d e s t ig lo y l-sw ie te n in e  and 
d e s t ig lo y l- is o sw ie te n in e  y ie ld s  the same tr ik eton e  (see below) and
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a lso  th e  o p t ic a l ro ta tory  d isp ers io n  curves o f  d e s t ig lo y l - i s o sw ieten ine  
and d e s t ig lo y l-sw ie te n in e  are sim ilar  only d if fe r in g  in  th e ir  
amplitude ( f i g .  V ). This la t te r  argument a lso  excludes i i )  an 
in tram olecu lar hydride tra n sfer  ( f i g .  I I ) r e s u lt in g  in  the  
tr a n sp o s it io n  of the ketonic fu n ction  and the hydroxyl group, 
i i i ) R e tr o a ld o lisa tio n  and r e a ld o lis a t io n  o f e..p -k e to l system ( f i g .  I l l )  
g iv es  r i s e  to  the epim eric a lc o h o l. This cannot in vo lve the hydroxyl 
of the a-hydroxy acid since t h i s  would require the lo s s  of a two 
carbon fragment (f ig *  IV) .
I t  would seem, therefore*  th at the b est s itu a t io n  to  account 
fo r  the sw ieten ine - ^ isosw ieten ine change i s  the r e tr o a ld o lis a t io n  
and r e a ld o lis a t io n . An a ld o l condensation of the interm ediate  
aldehydo-ketone to  give a hydroxy-aldehyde can a lso  be discounted  
s in ce  i s o sw ieten ine does not con tain  an aldehyde (n .m .r .)
Kupchan^ t ig la t e  cleavage using osmium te tr o x id e  and p eriod ic  acid  
y ie ld s  d e s t ig lo y l-sw ie te n in e  (B16) Og m.p* 200 -  204°, -  6 2 ° .
This i s  isom eric w ith  d e s t ig lo y l- is o sw ie te n in e  and contains the same 
fu n c tio n a l groups. The o p tic a l ro ta tory  d isp ersio n  curves o f  d e s t ig lo y l -  
sw ieten ine and d e s t ig lo y l - i s o sw ieten ine are shown in  f i g .  V. The 
p-iodobenzoate o f d e s t ig lo y l-sw ie te n in e  (B17)w as submitted fo r  X-ray 
stru c tu ra l exam ination w hile  the chem ical work was in  i t s  f in a l  s ta g e s .  
Treatment o f d e s t ig lo y l-sw ie te n in e  w ith  base follow ed by m ethylation  
r e s u lt s  in  the form ation o f d e s t ig lo y l- is o s w ie te n in e , id e n t ic a l w ith  
the d e s t ig lo y l- is o sw ie te n in e  obtained by the b asic  h yd ro lysis  o f  
sw ieten ine fo llow ed  by m eth ylation .
O xidation of d e s t ig lo y l-sw ie te n in e  and d e s t ig lo y l- iso sw ie te n in e  
w ith  the Jones reagent y ie ld s  the same tr ik eto n e (B18) C2? H3Q Og, 
m*p* 231 -  235°, -  228° -t v ^ ^ 3  1730, w ith  a shoulder at 1742 cm"^,
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This in d ic a te s  th a t the hydroxyl group e s t e r i f ie d  w ith  t i g l i c  acid in  ,
sw ieten ine i s  a lso  secondary and, more im portant, that there i s  no
s k e le ta l  rearrangement during the h yd ro lysis  o f sw ieten in e .
The a lk a lin e  h yd ro lysis  o f dehydroswietenine (B12 ) gave in  good
y ie ld  d eh yd ro-d estig lo y l-d esm eth y l-iso sw ieten in e  (B19) 0o,■ do <3U o
m,p, 264 -  267°, £ci] -  6 1 ° , m ethylation  of which gave d eh y d ro -d estig lo y l-
iso sw ie ten in e  (B20), C H__ 0 _ , m.p, 242 -  2 4 6 ° ,\ a \  _ -  74°, v  27 32 8 ’ a J D max
3612, 1730 cm"'*’ which on ox id ation  led to  the same tr ik eto n e  (B18) as 
b e fo r e •
Reduction o f deh yd ro-d estig loy l-d esm eth y l- i s o sw ieten ine by zinc  
dust in  r e f lu x in g  a c e t ic  acid  for  ten  minutes y ie ld s  d estig lo y l-d e sm eth y l-  
i s o sw ieten ine (B13) ( id e n t ic a l w ith  the compound prepared in  the b asic  
h y d ro ly sis  o f sw ie te n in e ). Treatment for  a longer period of time y ie ld s  
an a ceta te  (B21) which fa i le d  to  c r y s t a l l is e  but which on the b a sis  o f  
i t s  nuclear magnetic resonance spectrum (peaks at T 7 .9 2 , 3H, s in g le t*
T 5 .4 1 , 1H, d ou b let, J = 1 c . p . s . j  and T 5 .4 0 , 1H, doublet, J = 1 c . p . s . )  
i s  considered to  be the mono-acetate r e su lt in g  from a c e ty la tio n  of the  
hydroxyl group n o te  to  carbomethoxyl.
The above h yd ro ly sis  and ox id ation -redu ction  reaction s are 
summarised in  flow sheet 1.'
Further proof of th e cl -hydroxy-oster fu n ction  in  sw ieten ine comes 
from the conversion  of de s t ig lo y l  -do sm ethyl- i  so sw ietenine (B13 ) w ith
le a d  t e t r a c e t a t e  i n t o  th e  h y d ro x y -k e to -a ld e h y d e  (B22 ) Cg5 Hg0 0 g ,
m .p . 232 -  2 3 6 ° , [ q]  -  47° v CC14 3632, 1752, 1734, and 1721 cm"1 .u max * *
The n u c l e a r  m ag n e tic  resonance  spec trum  shows a sha rp  d o u b le t  a t  T 0 .18
(1H, J  -  6 .5 c .p .s  . ) .  By s p in  d e c o u p l in g ,  i t  was shown t h a t  t h i s
a ld e h y d ic  p r o to n  c o u p le s  w i th  one p r o to n  a t  T 7 .25  w hich  c o u p le s  w i t h
no o t h e r .  T h is  s u g g e s t s  th e  system  (B3) .  ( i t  i s  a l s o  p o s s i b l e  t h a t
t h e r e  i s  a p r o to n  fi t o  th e  a ldehyde f u n c t i o n  bu t  t h a t  th e  two p ro to n s
have a d i h e d r a l  a ng le  o f  9 0 ° ) .
Whon t h e  h y d ro x y -k e to -a ld e h y d e  (B22 ) i s  t r e a t e d  w i th  a c e t i c
a n h y d r i d e - p y r id i n e ,  th e  a c e to x y -k e to -a ld e h y d e  (B23) Cg7 Hgg 0 7 m .p .
272 -  2 7 6 ° ,  [ e l  -  3 4 ° ,  v CHClg 1 7 2 9  cm"1 i s  o b t a in e d .  T h is  compound L JD max c
was a l s o  formed t o g e t h e r  w i t h  t h e  n o r -a ld e h y d e  (B22) when d e s t i g l o y l -
d esm e th y l  - i s o  s w ie te n in e  was r e a c t e d  w i t h  le a d  d io x id e  i n  r e f l u x i n g
a c e t i c  a c id  f o r  t h r e e  h o u r s .
The h y d ro x y -k e to -a ld e h y d e  (B22 ) a l s o  formed a t o lu e n e - p - s u lp h o n a te
on r e a c t i o n  w i t h  t o lu e n e - p - s u lp h o n y l  c h lo r i d e  i n  p y r id in e  b u t  t h i s
r e s i s t e d  a l l  a t t e m p ts  t o  e l i m i n a t e  t h e  e lem en ts  o f  t o lu e n e - p - s u lp h o n i c
a c id  i n  r e f l u x i n g  c o l l i d i n e .
When th e  a c e to x y -k e to -a ld e h y d e  (B23) i s  t r e a t e d  w i th  d ry  h y d r o c h lo r i c
a c id  i n  m e th a n o l ,  a m e thy l  e t h e r ,  m ethy l e s t e r  (B25) Cg^ H^g Og m .p .
184 -  1 8 6 ° ,  y ( n u j o l ) ,  1710, and 1730 cm"1 r e s u l t s .  The compound
max
had peaks  i n  t h e  n u c l e a r  m ag n e tic  re so n a n c e  spec trum  a t  t  6 .7 6  (3H, 
s i n g l e t ,  -0CH3 ) and T 6 . 2 6  (3H, s i n g l e t  -  COg CE^ ) and i s  c o n s id e r e d  
t o  be formed by th e  mechanism i n d i c a t e d  i n  f i g .  VT.
The r e l a t i o n s h i p  o f  t h e  cl- h y d r o x y - e s te r  t o  th e  t i g l a t e  f u n c t i o n  i n
s w ie te n in e  cou ld  bo e s t a b l i s h e d  by exposure  o f  th e  h y d ro x y -k e to -a ld e h y d e
(B22 ) t o  m e th a n o l ic  sodium h yd rox ide  when th e  i so m e r ic  Y - l acf ° ne (B26)
CpR H ,n 0fi m .p .  242 -  2 46° ,  [ a ] ^  + 1110 , v CC14 1782 ( f - l a c t o n e ) ,  1745 cu o jj max
( 6 - l a c t o n e )  and v 1770 ( y - l a c t o n e ) j 1732 ( 6 - l a c t o n e ) ,  3620 ( f r e e
h y d r o x y l ) ,  3587 (bonded h y d ro x y l)  cm“^ was o b t a i n e d .  A p l a u s i b l e  way o f  
a c c o u n t in g  f o r  t h e  f o rm a t io n  o f  t h i s  h y d r o x y -y - la c to n e  i s  by way o f  an  
i n t r a m o l e c u l a r  C ann izza ro  r e a c t i o n  (F low sheet 2 ) .  I n  t h i s ,  t h e  c a rb o x y l  
group form ed i n  t h e  r e a c t i o n  canno t  1a c to n i s e  w i t h  t h e  newly formed 
h y d ro x y l  group s in c e  i t  i s  formed by a h y d r id e  t r a n s f e r  r e a c t i o n  and th u s  
must be p o i n t i n g  i n  th e  "wrong" d i r e c t i o n  f o r  l a c t o h i s a t i o n .  T h e r e f o r e ,  
th e  c a rb o x y l  group must l a c t o n i s e  w i t h  th e  h y d ro x y l  group a l r e a d y  p r e s e n t  
i n  t h e  h y d ro x y -k e to -a ld e h y d e  (B 22). This  t h e r e f o r e  means t h a t  t h e  
a ldehyde  f u n c t i o n  and th e  h y d ro x y l  group p r e s e n t  b e fo r e  h y d r id e  t r a n s f e r  
a re  s i t u a t e d  i n  a n d -  6 r e l a t i o n s h i p  w i t h  r e s p e c t  t o  one a n o th e r  (B 4).
A lso  th e  a l k a l i  induced  e p i m e r i s a t i o n  a t  Cg i n  t h e  p r e p a r a r a t i o n  
o f  i s o s w ie te n in e  from  s w ie te n in e  im p l ie s  a.ncL -  y r e l a t i o n s h i p  o f  th e  
k e to n i c  and t i g l a t e  e s t e r  f u n c t i o n s  i n  s w i e te n i n e .  Thus th e  p a r t  
s t r u c t u r e  (B4) can  be e n la rg e d  t o  (p5)which by s p in - d e c o u p l in g  e x p e r im e n t s , . 
c an  be f u r t h e r  ex tended  t o  (B6) as f o l l o w s ;
The o l e f i n i c  p r o to n  (A) a t  t  4 .6 3  i n  s w ie te n in e  axd d e h y d ro s w ie te n in e  
and a p p ro x im a te ly  T 4 .15  i n  a l l  o th e r  d e r i v a t i v e s  (see  T ab le  i ) ,  i s  
c o up led  t o  t h r e e  o th e r  p r o to n s ;
i )  (M) w h ich  i s  a t  T 6 .5 0  i n  s w ie te n in e ,  % 7 .12 i n  d e s t i g l o y l - i s o s w ie te n in e  
and ^ 6 . 2 2  when t h e r e  i s  t h e  (3 - d ik e to n e  sys tem  ( J  = 6 -  8 .5  c . p . s . )
(M) i n  t u r n  c o u p le s  w i th  one o th e r  p r o to n  (N) a t  t 5*36 i n  s w ie te n in e
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w h ic h  c m  bo fia-signcd  bo Iho p r o to n  on th o  c a r b o n  atom  w h ic h  c a r r i e s
t h e  t i g l a t e  e s t e r  = H  c . p . s . ) .  This  c o u p l in g  d i s a p p e a r s  i n
t h o p  - d ik e t o n e s  and d e c re a s e s  i n  i s o s w ie te n in e  ( J ^  = 1 c . p . s . ) 0
i i )  (X) and (Y) w hich  a re  found a t  a p p ro x im a te ly  T 7 .75  ( a l l y l i c  m eth ine
g ro u p s )  ( J  v and J  = l - 2 c . p . s . ) .  One o f  t h e s e  p r o to n s  (X) or MX M  r  \ /
(Y) i n  t u r n  c o u p le s  w i t h  a. m ethy lene  group Z a t  t  7 .1  ( j  „ or J
C Kl 0 YZr>
/6  Lj
= 3 -  5 c . p . s . )  w hich from  i t s  p o s i t i o n  must be a  t o  th e  c a rb o n y l  
group o f  t h e  r i n g  D l a c t o n e „
In  t h e /  - l a c t o n e  (B26), w hich  has  a h y d ro x y l  group i n s t e a d  o f  th e  
ke tone  as e x p la in e d  above, th e  p r o to n  on t h i s  c a rb o n  atom, n ,  c o u p le s  
w i t h  M ( J ^  r‘ 6 c . p . S r )  and no o t h e r s .  T h is  s u g g e s t s  t h a t  th e  ca rbon  
atom on th e  o t h e r  s id e  o f  n  from M i s  f u l l y  s u b s t i t u t e d  and we can  th u s  
j o i n  m and n .  F u r th e r  p ro o f  i s  g iv en  by th e  f a c t  t h a t  i n  th e  t r i k e t o n e  
(3 1 8 ) ,  b o th  c y c l i c  k e to n e s  a re  cyc lo h ex an o n es  as judged by t h e i r  i n f r a r e d  
a b s o r p t i o n s .  Carbon atoms p and q a re  most p ro b a b ly  i d e n t i c a l  s in c e  t h i s  
t h e n  l e a v e s  two c a rb o n  atoms t o  form  a e y e lo h e x a n o •r i n g  C„/
T his  l e a d s  t o  a b i c y c l o  [ 3 :  3 ;  i] system  i n  s w ie te n in e  (B7) w hich 
a c co u n ts  f o r  th e  n o n - c o n ju g a t io n  o f  t h e  i s o l a t e d  double  bond i n  th e  
t r i k e t o n e  (B18) and a l s o  th e  n o n - e n o l i s a t i o n  o f  t h e  £ - d i k e t o n e s «
The s t e r e o c h e m is t r y  o f  s w ie te n in e  can  be i n f e r r e d  from t h e  b i o g e n e t i c  
d e r i v a t i o n  o f  t h e  compound (F low shee t 3 ) .  The ca rbon  s k e l e t o n  o f  
s w ie te n in e  c an  be r e a d i l y  d e r iv e d  from  a p r e c u r s o r  o f  th e  ty p e  (B27) 
i n  w hich  th e  Cy -  Cg bond i s  c le a v e d  w h ich  r e s u l t s  i n  an exo-m ethy lene  
group a t  Cg and a n a  -hydroxy  c a r b o x y l i c  a c id  a t  Cg. (The p r e c i s e  
s ta g e  a t  w h ich  o x y g e n a t io n  o ccu rs  i s  u n c e r t a i n ) .  R o t a t i o n  o f  r i n g  A
about t h e  9 - 1 0  bond fo l lo w e d  by M ichae l a d d i t i o n  o f  th e  c a rb n n io n  
a t  C t o  th e  e x o -m e th y le n ic  double bond a t  l e a d s  t o  t h e  ca rb o n
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s k e l e t o n  o f  s w ie te n in e *  T h is  h as  t h e  d e r iv e d  s t e r e o c h e m is t r y  as shown
i n  (B28) w i t h  an m ethy l group a t  C^g, a n ^ - a c e t a t e  s i d e - c h a i n  a t  Cg,
an & h y d ro g en  atom a t  C  ^ ( i t  i s  im p o s s ib le  t o  c lo s e  t h e  b i c y c lo - s y s t e m
w i t h  a f iH )  and th e  norm al o r i e n t a t i o n s  a t  C~, C.,„, and C, ( a l l « * - o r i e n t a t e d )9* 13 17
M ig r a t io n s  o f  t h e  doub le  bond from  t h e  Cf -  C t o  th e  -  CL p o s i t i o n8 14 30 8 r
g iv e s  m e  s t r u c t u r e  \ B 7 ) i n  "Which th e  on ly  u n c e r t a i n t i e s  ( r e s o lv e d  by th e
X -ray  a n a l y s i s )  a re  t h e  s t e r e o c h e m is t r y  o f  t h e  t i g l a t e  a t  C and th e
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o r i e n t a t i o n  o f  th e  h y d ro x y l  group a t  Cg ( i f  we assume t h a t  t h e  double  bond 
i n  t h e  Cg -  C p o s i t i o n  i s  p r o to n a t e d  from  thecp - f a c e ) *
These c o n c lu s io n s  a re  f u l l y  s u p p o r te d  by t h e  r e s u l t s  o f  t h e  X -ray  
c r y s t a l l o g r a p h i c  a n a l y s i s  o f  t h e  p - io d o b e n z o a te  (B17) o f  d e s t i g l o y l -  
s w ie te n in e  w h ich  a l s o  showed t h e  t i g l a t e  t o  be ^ - o r i e n t a t e d  and th e  
h y d ro x y l  group a t  t o  be a .
W ith  t h e  c o n s t i t u t i o n  and s t e r e o c h e m is t r y  o f  s w ie te n in e  e s t a b l i s h e d ,  
i t  now becomes p o s s i b l e  t o  d i s c u s s  i t s  t r a n s f o r m a t io n  p ro d u c ts*
They - l a c t o n e  d e r iv e d  from  t h e  a ldehyde  (B22 ) by r e a c t i o n  w i t h  
a l k a l i ,  was a s s ig n e d  th e  p r o v i s i o n a l  s t r u c t u r e  (B26) i n  th e  argum ents 
l e a d in g  t o  th e  c o n s t i t u t i o n  o f  s w ie te n in e  w hich  have been  pi o s e n te d  
above ;  However, c e r t a i n  p r o p e r t i e s  o f  t h i s Y  - l a c to n e  were i n c o n s i s t e n t  
w i t h  t h e  p roposed  s t r u c t u r e  and a i*e-exam ination  h as  le d  t o  t h e  r e v i s e d  
s t r u c t u r e  (B 29). In  p a r t i c u l a r ,  i t  c o u ld  be shown by s p in - d e c o u p l in g  
t h a t  t h e  m eth ine  p r o to n  Hg ( t 7 .5 )  s i t u a t e d  oC t o  th e  c a rb o n y l  group o f  
t h e y  - l a c t o n e  was c o u p l in g  w i t h  ( t 5 .3 5 )  and no o th e r  p r o to n  (Jgjj ® 7 c .p ,
4The m agn itude  o f  t h i s  c o u p l in g  c o n s ta n t  i s  u n p re c e d e n te d  f o r  a J
c o u p l in g  e x c e p t  u n d e r  s p e c i a l  c i r c u m s ta n c e s 9 .
an  a l t e r n a t i v e  s t r u c t u r e  f o r  t h e y  - l a c to n e  (B29) w h ich  overcomes
t h i s  d i f f i c u l t y  can  be d e r iv e d  i n  th e  f o l l o w in g  way, (F low shee t 4 ) ,
C leavage o f  t h e  Cg -  C^ bond by a r e t r o a l d o l i s a t i o n  ( a l r e a d y  invoked
i n  t h e  e p i m e r i s a t i o n  o f  C^ d u r in g  th e  h y d r o ly s i s  o f  s w ie te n in e ,  a f f o r d s
t h e  i n t e r m e d ia t e  d ia ld e h y d e  (B30). R o t a t i o n  about t h e  Cg -  bond
b r i n g s  C^ and C^ w i t h i n  i n t e r a c t i n g  d i s t a n c e *  However, t h e r e  a re
s e r i o u s  i n t e r a c t i o n s  be tw een  th e  gem -dim ethyl g roup ing  a t t a c h e d  t o  C^
and t h e  a ldehyde  w i th  c a rb o n  atoms Cg and C^. M oreover, th e  r e s u l t i n g
s t e r e o c h e m is t r y  ( i f  a l d o l i s a t i o n  d id  o c c u r )  would n o t  p e rm it  subsequen t
C ann izza ro  r e a c t i o n *  However, i f  t h e  a ld e h y d ic  f u n c t i o n  a t  Cj- e p im e r i s e s
b e fo r e  a l d o l i s a t i o n ,  t h e s e  i n t e r a c t i o n s  a re  r e l i e v e d  and t h e  a ldehyde
and k e to n e  e re  i n  a p p r o p r i a t e  p o s i t i o n s  f o r  i n t r a m o l e c u l a r  h y d r id e
t r a n s f e r .  A f t e r  l a c t o n i s a t i o n ,  t h i s  l e a d s  t o  s t r u c t u r e  (B29) f o r  t h e
Y - l a c t o n e  w i t h  a c i s - fu s e d  l a c to n e  and a b i c y c lo  [ 3 :  2 j  l \  o c t e n o l .
The n o n -b o n le d  i n t e r a c t i o n  betw een  th e  ft -m e thy l  group a t t a c h e d  t o  Cg
and t h e  m e th y l  group a t  C^q can  be r e l i e v e d  by l a t e r a l  t w i s t .  Hq and
H^ a re  v i c i n a l l y  coup led  and t h e  observed  c o u p l in g  c o n s ta n t  (Jgg = 7 c . p . s
i s  i n  acco rd an ce  w i t h  t h e  d i h e d r a l  a n g le ,  B ( 3 0 ° ) . 10
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T h e y - l a c t o n e  (B29) r e a d i l y  forms an a c e t a t e  (B 3 l)  Cg^ Hgg 0^ ,
m .p , 274 -  2 7 8 ° .  *\f ( n u i o l )  1765, 1730 cnT1 . The n u c le a r  r e so n a n c e
max
sp ec tru m  shows t h a t  th e  p r o to n  H c o u p le s  w i th  IL. ( J  “ 7 c . p . s . )  b u t
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i s  n o t  f u r t h e r  coup led  t o  H T h i s  a g re e s  w i t h  s t r u c t u r e  (B29) i n  w hich
t h e  d i h e d r a l  a n g le  betw een  H and H i s  a p p ro x im a te ly  9 0 ° .  I t  shows0 M
t h e  p r o to n  H^ , ( t 5 .0 4 )  o f  th e  seco n d a ry  a c e t a t e  t o  be coup led  "with
s  ^ c » P * s . )  w hich  i s  i n  acco rdance  w i t h  t h e  d i h e d r a l  an g le  9 = 4 0 ° .
The s t e r e o c h e m is t r y  o f  t h e  hy d ro x y l  group i s  shown be low . ( I t  i s  im p o s s ib le  
t o  t e l l  t h e  s t e r e o c h e m is t r y  from  th e  d i h e d r a l  a n g le  s in c e  t h e  o th e r  ang le
F u r th e r  s u p p o r t  f o r  th e  s t r u c t u r e  (B29) o f  t h e y  - l a c t o n e  comes from  
t h e  d e h y d r o - l a c t o n e  (B32 ) H2g 0 g , m .p .  247 -  251° [ ol] + 190° ,
V m c x ^  1781 ( f - l a c t o n e ) ,  1762, 1735 ( 5 - l a c t o n e )  cm"l o b ta in e d  by th e  
chrom ic a c id  o x i d a t io n  o f  th e  y - la c to n e  (B29). The new c a rb o n y l  band 
i n  t h e  i n f r a r e d  spec trum  o f  t h i s  compound a t  1762 cm” ^ i s  t y p i c a l  o f  a 
b r id g e h e a d  c a rb o n y l  group i n  a b i c y c l o  |[3 j 2 :  l j  o c te n o n e .1^
R e d u c t io n  o f  t h e  d e h y d ro - y - la c to n e  w i t h  sodium b o ro h y d r id e  gave a 
m ix tu re  o f  two e p im e r ic  a l c o h o l s  (B33), t h e  y - la c to n e  (B29) b e in g  re fo rm ed  
as t h e  m ajor  ep im er  ( y i e l d  g r e a t e r  t h a n  9 0 $ ) .  In  t h e  i n f r a r e d ,  t h e  
y - la c to n e  shows peaks a t  3620 ( f r e e  h y d r o x y l)  and 3587 (bonded h y d ro x y l)  
cm**  ^ ( i n  c h lo r o f o r m ) .  The peak  a t  3587 cm"^ can  be a s s ig n e d  t o  t h e  
h y d ro x y l  group w eak ly  bonded w i t h  t h e  o l e f i n i c  double  bond . Thus i t  can  
be i n f e r r e d  t h a t  t h e  h y d ro x y l  group i s  d i r e c t e d  to w a rd s  t h e  o l e f i n i c  
l i n k a g e ,  ii s i m i l a r  e f f e c t  i s  o bse rved  w i t h  t h e  s i m i l a r l y  c o n s t i t u t e d  
a lc o h o l  (B44) (see  b e lo w ) .
The 1 - e p i - y - l a c t o n e ,  w hich  was o b ta in e d  i n  v e ry  low y i e l d  and c o u ld  
n o t  be o b ta in e d  c r y s t a l l i n e  a l th o u g h  homogeneous by t h i n - l a y e r  ch ro m a to p la te . ,  
showed peaks  i n  th e  i n f r a r e d  (ca rb o n  t e t r a c h l o r i d e )  a t  1757 (unsym m etr ica l  
b road  b a n d ) ,  3620 w i th  a v e ry  b ro ad  band below 3600 cm“ ^ .  The low p o s i t i o n  
o f  t h e  c a rb o n y l  band and th e  hyd rogen  bonded h y d ro x y l  can  be a t t r i b u t e d
-30-
t o  a weak h yd rogen  bond o f  th e  seco n d a ry  h y d ro x y l  group t o  th e  Y” I ac^ one
to w a rd s  w h ich  t h e  h y d ro x y l  group i s  d i r e c t e d .  Lack o f  t im e  and m a t e r i a l
p re c lu d e d  t h e  f u l l  c h a r a c t e r i s a t i o n  o f  t h i s  compound.
R e a c t io n  of the dehydro-Y*-lactone (B32 ) w ith  aqueous sodium
h y d ro x id e  i n  r e f l u x i n g  m e th a n o l ,  r e s u l t e d  i n  t h e  f o rm a t io n  o f  n e u t r a l
and a c i d i c  m a t e r i a l s .  The n e u t r a l  f r a c t i o n  was found t o  be unchanged
d e h y d ro -  ^ - la c to n e  and th e  a c id i c  m a t e r i a l  was m e th y la te d  t o  g ive  t h e
h y d ro x y -m e th y l  e s t e r  (B34) C2 q H32 0 7i m .p .  209 -  2 1 2 ° i ^cfJ ^  + 1 2 0 ° ,
V ^ax^^ 3614, 1750, 1731 cm” ^. The h y d roxy -m e thy l  e s t e r  has  peaks i n  •
t h e  n u c l e a r  m agne tic  re so n a n c e  spec trum  a t  t4 .4 4  (1H, H^, v in y l  p r o to n ,
d o u b l e t )  w hich  was coup led  w i th  a p r o to n  a t  t 6*93 (1H, H^, d o u b l e t ,
J&M = 8 c . p . s . ) .  The p r o to n  Hg was a q u a r t e t  c e n t r e d  a t  t 5 .5 0  w hich
was coup led  w i t h  (1H> d o u b l e t ,  Jgg = 5 c . p . s . )  a t  T 7 .39  and a l s o  w i t h
Hj  ^ = 8 c . p . s . ) .  The above c o u p l in g  c o n s t a n t s  a re  i n  agreem ent w i t h
th e  d i h e d r a l  a n g le s  9 -  1 0 ° ,  B a 2 0 ° ,  9  = 120° .
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The f o r m a t io n  o f  t h e  h y d ro x y -m e th y l  e s t e r  (B34) can  be r a t i o n a l i s e d
by b a s e  c a t a ly s e d  c le a v a g e  o f  th e  y-I®0^ 011® an(3 e p im e r i s a t i o n  of  th e
r e s u l t i n g  h y d ro x y l  group by a r e t r o -  and r e - a l d o l i s a t i o n  p r e v io u s ly
d i s c u s s e d *  T h is  r e s u l t s  i n  t h e  h y d ro x y -a c id  (B35) w hich  cannot l a c t o n i s e .
The p r o p o r t i o n s  o f  Y“I ac^ one hydroxy-m ethy l  e s t e r  ( l j  2 )  p resum ably
r e p r e s e n t s  t h e  e q u i l i b r i u m  p r o p o r t i o n s  o f  h y d ro x y -a o id  a n io n s .
When th e  h y d ro x y -k e to -a ld e h y d e  (B22) i s  o x id is e d  w i t h  e i t h e r  th e
S a r r e t  o r  Jo n es  r e a g e n t ,  a d ik e to - a ld e h y d e  (B36), Cgg H^g 0g , m .p .
213 -  2 1 7 ° ,  fa-"| -  186°, v CC14 1751, 1722 cm-1  i s  o b t a in e d .  T h is  9 max 9
compound had peaks i n  th e  n u c le a r  m agne tic  re so n a n c e  spec trum  a t
tO .1 3  (ci.ldeh.ydic p r o to n ,  d o u b l e t ,  J  = 6 c . p . s . )  w hich  was coup led  
t o  t h e  p r o to n  a t  T 7 .0 0 .  A l l  a t t e m p ts  t o  o x id i s e  th e  a ld e h y d ic  
f u n c t i o n  f a i l e d .
T rea tm en t  o f  t h e  d ik e to - a ld e h y d e  (B36) w i t h  aqueous b a s e  r e s u l t e d  
i n  t h e  f o rm a t io n  o f  a h y d r o x y -a c id .  M e th y la t io n  o f  t h i s  compound gave 
t h e  e n o n e -m e th y l  e s t e r  (B37) C2g H32 0 y , m .p .  285 -  2 8 7 ° , \ a ]  D + 2 5 ° ,  
v m a x ^  1737 (m ethy l e s t e r  and d - l a c t o n e ) ,  1687 (c o n ju g a te d  e n o n e ) ,
3620 ( f r e e  h y d r o x y l ) ,  3583 (bonded h y d r o x y l)  cm” 1 .
We e n v is a g e  th e  fo rm a t io n  o f  t h i s  compound i n  t h e  f o l lo w in g  manner 
(F low shee t 5)* p -d ik e to n e  c le a v a g e  y i e l d s  th e  k e to - c a r b o x y l a t e  a n io n  
(B38) whose i s o l a t e d  o l e f i n i c  l in k a g e  t h e n  i s o m e r i s e s  t o  form  th e  
c o n ju g a te d  enone (B39)* The Cg c a rb a n io n  can  th e n  undergo a v in y lo g o u s  
a l d o l  c o n d e n s a t io n  w i t h  th e  a ldehyde  w hich  on a c i d i f i c a t i o n  y i e l d s  
th e  h y d ro x y -e n o n e ^ a c id  (B40). There  a re  m inor i n t e r a c t i o n s  betw een 
th e  gem -d im ethy ls  and t h e  c a rb o n y l  group w i th  t h e  e ,-m ethyl a t  C^g 
and th e  h yd rogen  atoms a t  b u t  w h e th e r  th e y  a fe  so se v e re  as t o  
cause  t h e  a ldehyde  t o  e p im e r i s e  b e f o r e  t h e  a l d o l  co n d e n sa t io n ^  i s  
d i f f i c u l t  t o  a s c e r t a i n .  The s t r u c t u r e  o f  t h e  enone-m ethy l  e s t e r  d e r iv e d  
from  t h e  e p im e r i s e d  a ldehyde  i s  f r e e  from  th e  above i n t e r a c t i o n s *
The n u c le a f  m agne tic  r e so n a n c e  spec trum  p r o v id e s  f u r t h e r  su p p o r t  
f o r  t h i s  s t r u c t u r e  (B 37). There  a re  two d o u b le t s  c e n t r e d  a t  t 3 .05  
and T 3 .98  ( J  = 9 c . p . s . )  w hich  a re  a s s ig n e d  t o  thejiS -  a n d c t - v i n y l i c  
p r o to n s  r e s p e c t i v e l y  o f  t h e a  ,(3~ unsa tu ra ted  k e to n e .  That th e  (3- p r o to n  
i s  n o t  f u r t h e r  s p l i t  s u p p o r t s  t h e  p r o p o s a l  t h a t  Cg i s  t e t r a s u b s t i t u t e d  
and t h e r e f o r e  t h e  new bond formed i n  th e  a ld o l  c o n d e n s a t io n  must
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t e r m i n a t e  a t  t h i s  c a rb o n  atom . There i s  a l s o  a m u l t i p l e t  a t  'T5.1 
w h ich  s i m p l i f i e s  t o  a d o u b le t  ( J  -  7 c . p . s * )  when th e  s o l u t i o n  i s  
e q u i l i b r a t e d  w i th  d e u te r iu m  oxide*  This  shows t h a t  t h i s  i s  th e  
p r o t o n ,  Hg, o f  t h e  secondary  a l c o h o l .  T h is  p r o to n  i s  coup led  w i th  
t h e  m eth ine  p r o to n  H ' c e n t r e d  a t  T 7 .7 .  That t h e  p r o to n  Hg i s  no t  
f u r t h e r  s p l i t  s u g g e s t s  t h a t  t h e  ca rb o n  atom ci. t o  t h e  a lc o h o l  i s  
a l s o  q u a te r n a r y  w hich a g re e s  w i th  s t r u c t u r e  (B37). The p o s i t i o n  
o f  t h e  p r o to n  Hg ( ' t 5 ^ l )  i s  v e ry  low and must p resum ably  be 
d e s h ie ld e d  by th e  l a c t o n i c  c a r b o n y l .
The c o n f i g u r a t i o n  o f  th e  h y d ro x y l  group canno t be deduced from
th e  c o u p l in g  c o n s ta n t  o f  Hg and Hg s in c e  t h e  d i h e d r a l  a n g le s  a re
0° and 135° w hich  g iv e  a p p ro x im a te ly  th e  same c o u p l in g  c o n s ta n t
(8 c . p . s . ) .  The h y d ro x y l  group i s  p ro b a b ly  endo t o  th e  double  bond
s in c e  i n  t h e  i n f r a r e d  t h e r e  i s  w eak ly  bonded hy d ro x y l  which cannot
be to  e ith e r  the methyl e s te r  or 6-lactone both of which are at
th e ir  normal Unbonded p o s it io n s  at 1733 cm“^. I t  seems probable
t h a t  t h e  hydrogen  bond i s  to  t h e  o l e f i n i c  l in k a g e  s in c e  t h i s  a l s o
p r o v id e s  t h e  n e c e s s a r y  geom etry  f o r  th e  d e s h i e l d in g  o f  t h e  p r o to n
Hg a t  T 5 .1  by th e  l a c t o n i c  c a r b o n y l .  I f  t h e  h y d roxy l  group i s
en d o , t h e  p r o to n  Hg i s  i n  t h e  p la n e  o f  th e  l a c t o n i c  c a rb o n y l  i f
t h e  a s su m p tio n  i s  made t h a t  th e  6 - la c to n e  i s  i n  th e  t w i s t - b o a t
c o n fo rm a t io n  where c a rb o n  atoms Cir7, C!_ and th e  oxygen a rei f  16
c o p l a n o r , T h is  c o n fo rm a t io n  was found i n  s w ie te n in e  by th e  X -ray  
a n a l y s i s .  A D re id in g  model o f  t h i s  compound shows th e  h y d ro x y l  t o  
be s e v e r e ly  h i n d e r e d ,  and t h i s  i s  r e f l e c t e d  i n  i t s  f a i l u r e  e i t h e r  
t o  a c e t y l a t e  o r  o x i d i s e .
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A n o th e r  i n t e r e s t i n g  sequence o f  T e n e t io n s '  c o n c ern s  th e  t r e a tm e n t
o f  t h e  t r i k e t o n e  e s t e r  (B18) w i th  b a s e .  T h is  r e s u l t s  i n  th e  fo rm a t io n  o f
an a c id  whose m ethy l  e s t e r  (B 4l)  C27 H30 Og m .p .  297 -  2 9 9 ° ,  [ a ] D + 4 3 ° ,
i s  i so m e r ic  w i t h  th e  s t a r t i n g  m a t e r i a l .  The m ethy l e s t e r  has  a b s o r p t io n s
i n  i t s  c h lo ro fo rm  s o l u t i o n  spec trum  a t  1787 ( y - l a c to n e  ) ,  1764 (b ic y c lo
[ S t  2 :  {] oc tenone  a n d c - a c y l o x y - e s t e r ) and 1735 (6 - le .c to n e )  c m " \  These
peaks a re  very sim ilar  in  p o s it io n  to  the bands in  the dehydro-Y-l&ctone
(B32 ) ,  t h e  o n ly  d i f f e r e n c e  b e in g  t h e  h ig h e r  i n t e n s i t y  o f  th e  1764 cm“ ^
p e a k .  T h is  i s  a s s ig n e d ,  as b e f o r e ,  t o  th e  b r id g e - h e a d  c a rb o n y l  group
o f  t h e  b i c y c l o  Is, 2 : l ]  oc tenone  and th e  enhanced i n t e n s i t y  i s  due t o
12t h e  a d d i t i o n a l  ©fe-acyloxy-ester • I n  t h e  n u c le a r  m agne tic  re so n a n c e  
sp e c t ru m , t h e  c l e a n  d o u b le t  t 6 .8 8  ( J ^  = 8 c . p . s . )  c o u p le s  on ly  
w i t h  t h e  o l e f i n i c  p r o to n  T 4 .4 1  w hich  i n  t u r n  has  a sm a ll  c o u p l in g  
w i t h  H^ - and anc* J^.y -  1 -  2 c . p . s . ) .  The t r i k e t o n e  e s t e r  (B18)
has  a n e g a t iv e  C o t to n  cu rve  (322 .5  mjS) -  1 2 ,200 , (270 iy j )  + 4 ,860  (see  
f i g .  V) w h ereas  th e  i s o t r i o n e  (B 4 l)  has  a p o s i t i v e  C o tton  cu rve  (310 m/a) 
+ 1 8 ,4 5 0 ,  (2 70 iya) -  17,650* b o th  in  c h lo ro fo rm .
The above e v id e n c e  s t r o n g l y  i n d i c a t e s  t h a t  th e  i s o t r i o n e  has  th e  
s t r u c t u r e  (B 4 l)  and t h i s  can  be r a t i o n a l i s e d  as fo l lo w s  ( f lo w sh e e t  6 ) :  
d ik e to n e  c le a v a g e  as i n  t h e  d ik e to - a ld e h y d e  (B36) f i r s t  g iv e s  t h e  
d i k e t o - c a r b o x y l a t e  a n io n  (B42)* I n t r a m o le c u la r  a ld o l  c o n d e n s a t io n ,  as 
shown i n  t h e  d iag ram , t h e n  lo a d s  t o  t h e  b i c y c l o  jj5: 2 :  l ]  oc tenone  
s t r u c t u r e  w h ich  on a c i d i f i c a t i o n  and m e th y la t io n  y i e l d s  t h e  i s o t r i o n e  
i n  w hich  th e  ca rbom ethoxy l group i s a  • The se v e re  i n t e r a c t i o n s  
be tw een  th e  gem -d im ethy ls  and th e  hydrogens o f  C ^  can  be red u ced  by 
l a t e r a l  t w i s t  •
- 31- -
An a l t e r n a t i v e  s t r u c t u r e  (B42a) f o r  th e  i s o t r i o n e  can  be d e r iv e d  
by th e  same scheme as above i f  th e  c - k e t o  a c id  i s  e p im e r i s e d  b e f o r e  
t h e  i i ld o l  c o n d e n s a t io n  t a k e s  p l a c e .  T h is  a l s o  c o n ta in s  a c i s - f u s e d  
Y - la c to n e  and t h e  carbom ethoxy l i s  i n  t h e  (3 o r i e n t a t i o n .  In  t h i s  
s t r u c t u r e ,  t h e  i n t e r a c t i o n s  a re  no t  so s e v e re  b u t  t h e  s t r u c t u r e s  o f  t h e  
r e d u c t i o n  p r o d u c t s ,d i s c u s s e d  be low , o f  th e  i s o t r i o n e  su g g e s t  t h a t  th e  
a l t e r n a t i v e  s t r u c t u r e  (B42a) i s  i n c o r r e c t .
When t h e  i s o t r i o n e  i s  t r e a t e d  w i t h  an e x c es s  o f  sodium b o r o h y d r id e ,
two i s o m e r ic  a l c o h o l s  C H 0 (B43) and (B44) r e s u l t .  The l e s s
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p o l a r  and c r y s t a l l i n e  a lc o h o l  A (B43), m .p .  316 -  321° ,  -  7 2° ,
shows bands  i n  th e  i n f r a r e d  (c h lo ro fo rm  s o l u t i o n )  a t  3618 ( sm a ll  peak  
c o r r e s p o n d in g  t o  unbonded h y d r o x y l ) ,  3465 ( s t r o n g  peak , v e ry  b ro a d ,  
c o r r e s p o n d in g  to  bonded h y d r o x y l)  1783 ( y - la c to n e  ) and 1720 ( p - l a c to n e  
and bonded m ethy l  e s t e r )  cm4"-*-. The f a c t  t h a t  t h e  h y d ro x y l  i s  bonded 
t o  t h e  m eth y l  e s t e r  s t r o n g l y  s u g g e s t s  t h a t  s t r u c t u r e  (B41) i s  c o r r e c t  
s in c e  i n  t h e  a l t e r n a t i v e  s t r u c t u r e  (B42a) i t  i s  im p o s s ib le  f o r  t h e  
b r id g e - h e a d  h y d ro x y l  group t o  bond t o  th e  m ethy l e s t e r .
A lc o h o l  B, w h ich  f a i l e d  a l l  a t t e m p ts  a t  c r y s t a l l i s a t i o n  a l th o u g h  
i t  was homogeneous as  judged by t h i n - l a y e r  chrom atography and gave a 
c r y s t a l l i n e  a c e t a t e ,  shows bands i n  t h e  i n f r a r e d  a t  3620 ( f r e e  h y d ro x y l)  
and 3575 (bonded h y d r o x y l )  cm"^-. The bond ing  i n  t h i s  c a se  i s  v e ry  
s i m i l a r  t o  t h a t  formed i n  t h e  y - l a c to n e  (B29) (see  page^O ) and can  be 
a t t r i b u t e d  t o  a weak hydrogen  bond to  th e  i s o l a t e d  o l e f i n i c  l in k a g e  
to w a rd s  w hich  t h e  h y d ro x y l  group i s  o r i e n t e d .  In  t h e  c a rb o n y l  r e g i o n ,  
t h e r e  i s  a b s o r p t io n  a t  1783 ( y - l a c t o n e ) ,  a sh o u ld e r  a t  1756 (cv- a c y lo x y -
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e s t e r )  and 1732 (& - la c to n e )  cm"1 (ch lo ro fo rm  s o l u t i o n ) .
A lc o h o l  A form ed, w i t h  d i f f i c u l t y ,  an a c e t a t e  (B45), Cco EL. 0 Q,c y o*x y
m .p .  14-1 -  144° ,  [ a V D -  8 2 ° ,  v CHCl^ 1783 and 1739 cm-1 . The n u c le a r  
m ag n e t ic  re so n a n c e  spec trum  o f  a c e t a t e  A shows peaks a t  T 4 .3 2  
(1H, H^, o l e f i n i c  p r o to n ,  d o u b l e t ,  J  = 8 c . p . s . )  w hich  was c o u p le d  
w i t h  "13.93 -  8 c * p . s . ) ,  n o t  i t s e l f  o th e rw is e  c o u p le d .  The
p r o to n  Hp o f  t h e  ca rb o n  w hich c a r r i e s  t h e  seco n d a ry  a c e t a t e  i s  a t  
t 5 .2 1  (1H, s i n g l e t ) .  T h is  a g re e s  -very w e l l  w i th  th e  s t r u c t u r e  (B43) 
f o r  a l c o h o l  A, w hich  has  a bonded m ethy l e s t e r  i n  w hich th e  d i h e d r a l
a n g le s  $ A i s  10° and i s  9 0 ° .° Mil MF
A lc o h o l  B r e a d i l y  formed a c r y s t a l l i n e  a c e t a t e  (B4-6) Hg^ 0 ^ ,  
m .p .  236 -  2 3 9 ° ,  t a ] D -  1 5 ° ,  V 1783 ( y - l a c t o n e ) ,  1739 ( 6-l a c t o n e ,
a c e t a t e  and m ethy l e s t e r )  cm-1 . The n u c l e a r  m agnetic  reso n an ce  spec trum  
o f  a c e t a t e  B shows th e  p r o to n  Hp of  t h e  ca rb o n  w hich c a r r i e s  t h e  
s e c o n d a ry  a c e t a t e  t o  be a d o u b le t  c e n t r e d  a t  1 :5 .03 (1H, Jp ^  * 5 c . p . s . )  
w h ich  c o u p le s  w i th  a t  'C6.8 (1H, q u a r t e t )  w hich i n  t u r n  i s  coup led  
w i t h  t h e  o l e f i n i c  p r o to n  T 4 .6 4  (1H, d o u b l e t ,  = 8 c . p . s 4 )* T h is  
a g re e s  w i t h  th e  s t r u c t u r e  o f  a lc o h o l  B i n  w hich th e  h y d roxy l  group i s  
bo n d in g  t o  t h e  doub le  bond and th e  d i h e d r a l  a n g le s  i s  10° 0 ^  i s  4 0 ° .
Both  t h e  a c e t a t e s  A and B cou ld  be h y d ro ly se d  back  t o  t h e  r e s p e c t i v e  
a l c o h o l s  w i th o u t  m e thy l  e s t e r  h y d r o ly s i s  i n d i c a t i n g  t h a t  t h e  m ethy l
e s t e r  i s  h in d e re d *  The a lc o h o l s  i n  t u r n  cou ld  be o x id is e d  back  t o  th e
i s o t r i o n e  (B41) p ro v in g  t h a t  t h e r e  i s  no s k e l e t a l  rea r ran g em en t  i n
e i t h e r  t h e  r e d u c t i o n  o r  a c e t y l a t i o n  r e a c t i o n s .
R e d u c t io n  o f  t h e  t r i k e t o n e  e s t e r  (B18) w i th  z in c  d u s t  i n  r e f l u x i n g
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a c e t i c  a c id  l e a d s  t o  t h e  d i h y d r o t r i k e to n e  (347) C0 „ H„0 0 D, m .p .
Q ( oc o
221 -  2230 , [ q ] iq -  2 5 4 ° ,  V 3611 ( f r e e  h y d r o x y l ) ,  3538 (bonded
h y d r o x y l ) ,  1739 (m ethyl e s t e r  and 6 - la c to n e )  1716 ( c y c lo h e x a n o n e s ) cm“ ^ .  
The d i h y d r o t r i k e t o n e  co u ld  be r e c o n v e r te d  by th e  Jones  r e a g e n t  t o  t h e  
t r i k e t o n e  (B 18). The n u c le a r  m agne tic  reso n an ce  spec trum  shows t h a t  
i t  i s  t h e  ke to n e  f u n c t io n ^ .  -  t o  t h e  m ethy l e s t e r  w h ich  h as  b een  
reduced*  Hg moves from T 5 .3 2  ( sh a rp  s i n g l e t )  i n  t h e  t r i k e t o n e  t o  
>76.80 ( j  s  1 c . p . s . )  i n  th e  d ih y d ro  compound, i l l so  p r e s e n t  i n  th e  
d i h y d r o t r i k e t o n e  i s  t h e  p r o to n  H^ , on t h e  ca rb o n  atom b e a r in g  th e  
seco n d a ry  a lc o h o l  group a t  T 5 .3 2  ( J  = l . e * p . s . ) .  The above r e a c t i o n  
i s  a n a la g o u s  t o  t h e  r e d u c t i o n  o f  d e h y d ro sw ie te n in e  w i t h  z in c  d u s t  
i n  r e f l u x i n g  a c e t i c  a c id  t o  s w i e t e n i n e .
R e a c t io n  o f  t h e  d i h y d r o t r i k e to n e  (B47) w i t h  base  y i e l d s  an a c id  
whose m ethy l  e s t e r  (B48), Cg^ H^g Og, m .p .  257 -  2 6 3 ° , [c ] |  g 4-113° 
has  a b s o r p t i o n  i n  t h e  i n f r a r e d  a t  1783 ( y - l a c t o n e )  1738 (methyl 
e s t e r  and 6 - l a c to n e )  and 1717 (c y c lo h e x a n o n e ) cm'"1 i n  c h lo ro fo rm  
s o l u t i o n .  There a re  no bands above 3 ,0 0 0  cm“^ showing th e  absence  
o f  h y d ro x y l  g ro u p s .  The d ih y d r o t r i k e to n e  has  a n e g a t iv e  C o t to n  
c u rv e  (320 nyx) -  2 6 ,2 0 0 ;  (270 m^) 4- 25 ,400  w hereas  th e  i s o d i h y d r o t r io n e  
has  a p o s i t i v e  C o t to n  cu rve  (330 n ^ )  4- 5 ,2 0 0 ;  (275 n^-) 4- 300 . The 
d i s a p p e a ra n c e  o f  t h e  h y d ro x y l  and th e  p re se n c e  o f  t h e  1783 cm“^ band 
c a n  b e s t  be e x p la in e d  by a p -d ik e to n e  c le a v a g e  t o  g ive  t h e  k e t o - a c i d  
w h ich  l a c t o n i s e s  w i t h  t h e  h y d ro x y l  group t o  g ive  t h e  Y ~ la° t o n e .
H ydroxide  a t t a c k  on t h e  c a rb o n y l  a t  C^ le a d s  t o  s t r u c t u r e  (B48) 
w h ereas  a t t a c k  on t h e  b r id g e - h e a d  c a rb o n y l  y i e l d s  th e  a l t e r n a t i v e
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s t r u c t u r e  (B 49). However, t h e  h ig h  f re q u e n c y  a s c r ib e d  t o  t h e  c a rb o n y l  
f u n c t i o n  i n  t h e  i n f r a r e d  spectrum  s u g g e s t s  t h a t  th e  e y e lo -o c te n o n e  
s t r u c t u r e  (B49) i s  l e s s  l i k e l y .
The n u c l e a r  m ag n e tic  reso n an ce  spectrum  shows an o l e f i n i c  p ro to n
at T74.61 and a s in g le t  at T7 5 .1  which would be assigned to  the
p r o to n  Hq , t h e  p r o to n  o -  t o  th e  carbom ethoxy l b u t  i f  t h e  s t r u c t u r e  i s
13c o r r e c t ,  i t  should be f u r ‘.her downfield at approximately t 4 , 1 .
A lso  p r e s e n t  a re  m u l t i p l e t s  be tw een T 6 .3  and T78.0 w hich from  
i n t e g r a t i o n  c o rre sp o n d  t o  e i g h t  p r o t o n s .  However, th e  spec trum  i s  
so complex t h a t  more s e c u re  a ss ig n m en ts  w i l l  have t o  aw ait  th e  use o f  
n u c l e a r  m ag n e t ic  r e so n a n c e  s p e c t ro s c o p y  a t  100 Mc/s and double  
i r r a d i a t i o n .  The s t r u c t u r e  (B48) i s  a l s o  open t o  th e  o b j e c t io n  t h a t  
an o  - a c y l o x y - e s t e r  shou ld  have i n f r a r e d  a b s o r p t io n  a t  1760 cm"^ i n s t e a d  
o f  t h e  o b se rv ed  e s t e r  c a rb o n y l  band a t  1738 cm~^.
When d e h y d ro s w ie te n in e  (B12 ) i s  t r e a t e d  w i th  a l k a l i  under  th e  
same c o n d i t i o n s  as i n  th e  p r e p a r a t i o n  o f  th e  i s o t r i o n e  (B 4 l) ,  desm ethy l 
d e h y d ro s w ie te n in e  (B 50), m .p .  2 72 -  276° was o b t a i n e d .  This s u g g e s ts  
t h a t  more s t r o n g l y  b a s i c  c o n d i t io n s  a re  r e q u i r e d  t o  remove th e  t i g l a t e  
e s t e r  f u n c t i o n  and , more im p o r ta n t ,  t h a t  no c le a v a g e  takes  p la c e  u n t i l  
t h i s  f u n c t i o n  i s  h y d r o ly s e d .
I t  i s  o f  some i n t e r e s t  t o  c o n s id e r  t h e  c le a v a g e  r e a c t i o n  o f  t h e  
b ic y c lo n o n e n o n e  sy s tem  o f  s w ie te n in e  d i s c u s s e d  i n  th e  p r e c e d in g  p a g e s .  
In  a l l  t h e  c a s e s  s t u d i e d ,  t h i s  comes about th ro u g h  f i s s i o n  o f  t h e  
Cg -  Cg bond e i t h e r  by(3 - d ic a r b o n y l  c le a v a g e  or d e a l d o l i s a t i o n ,  
depend ing  on w h e th e r  a k e to n ic  or h y d r o x y l i c  group i s  p r e s e n t  a t  Cg.
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T here  i s  no e v id e n c e  ofj^ - d ic a r b o n y l  f i s s i o n  o c c u r r in g  th ro u g h  
h y d ro x id e  io n  a t t a c k  a t  th e  b r id g e -h e a d  c a rb o n y l  g ro u p .  The f a c t o r s  
w h ich  d e te rm in e  t h e  subsequen t f a t e  of t h e  i n i t i a l  c le a v a g e  p ro d u c t  
a re  n o t  a lw ays e a s i l y  d i s c e r n e d  on th e  a v a i l a b l e  e v id e n c e .  For 
i n s t a n c e ,  i t  i s  a m a t te r  o f  v e ry  c o n s id e r a b l e  i n t e r e s t  why i n  th e  
a r ra n g e m e n ts  o f  th e  t r i c a r b o n y l  compounds (B18) and (B36) th e  r e a c t i o n  
a p p a r e n t l y  t a k e s  an e n t i r e l y  d i f f e r e n t  c o u r s e .
However, t h e  answer t o  t h e s e  q u e s t io n s  must aw a i t  t h e  r e s u l t s  
o f  f u r t h e r  ch em ica l  work on th e s e  t r a n s f o r m a t io n  p r o d u c t s ,  and a l s o  
th e  v e r i f i c a t i o n  o f  t h e i r  s t r u c t u r e s  by X -ray  c r y s t a l l o g r a p h y  w hich 
i s  b e in g  u n d e r ta k e n  w i t h  a number o f  s e l e c t e d  d e r i v a t i v e s *
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Experim ental.
M .p .s . were determined on a K ofler b lo ck . S p e c if ic  r o ta tio n s  
r e fe r  to  chloroform  so lu tio n s  a t room tem perature, u n le ss  otherw ise  
s p e c if ie d .  Infrared so lu tio n  sp ectra  were k in d ly  recorded by Mrs*
F . Lawrie on the Unicam S .P . 100 Mark II  spectrophotom eter w ith  a 
prism  g ra tin g  monochromator, and operated w ith  evacuated o p t ic s ,
Nujol sp ectra  were obtained from a Perkin-Elmer "Infracord” 
spectrophotom eter. M icroanalyses are by Mr. J.M .L. Cameron and h is  
s t a f f .  Woelm Grade I alumina d eactiva ted  according to  the Bro'ckmann*^ 
sc a le  o f a c t iv i t y  was used fo r  chronatography. Chromatoplates were 
prepared by th e method o f Stahl*® u sing K eiselguhr G (Merck). R .f .  
va lu es are not recorded but where necessary  known compounds were run 
concurrently  fo r  comparison purposes. Rotatory D isp ersion  Curves were 
measured by P rofessor W. Klyne to  whom we express our thanks. Nuclear 
magnetic resonance speotra were recorded by Dr. N.C. Bhacca, Varian 
A sso c ia te s , Palo A lto  (sw ie te n in e ) , Dr. A. Melera, Varian A sso c ia te s ,  
Zurich (sa la n n in ) on Varian H.R. 100 spectrom eters and by Dr. D.W. Turner, 
Im perial C o lle g e , London (nimbin) on a Varian 4311 spectrom eter operating  
at 56 .4  Mc/sec adapted fo r  double resonance experim ents in  which the  
s in g le-b an d  technique developed by Turner*^ was u sed .
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O ctahydro-Sw ietenine (B8).
Sw ietenine (2 gms) in  "Analar” a c e t ic  acid  (200 m l) was hydrogenated
over 10?6 pallad ium -charcoal (2 gms) fo r  12 hours at atmospheric p ressu re .
The uptake o f hydrogen was 385 ml (3 .8  m o les). The so lu tio n  was f i l t e r e d
and the so lven t removed in  vacuo. Separation in to  acid  and n eu tra l
fr a o tio n s  u sin g  methylene ch lor id e  and saturated sodium hydrogen carbonate
gave crude an acid  (1 .680  gms) and a n eu tra l (310 mgs) fr a c t io n . The
acid  fr a c t io n  was c r y s ta l l is e d  from e th e r - l ig h t  petroleum  to  g ive
ootahydro-sw ieten ine (BB) (650 mgs), m .p. 1 5 3 -4 ° ,[ a ]  D -  190° (C 0.81 in
ch loroform ), pK ~ 5 . 2 ,  v (n u jo l)  1730 cm"1, X 202 m u,( (: 6 ,3 0 0 ) .max max y
(Found C, 64.63* H, 8.41* Cgg H^g 0g (^3®) requ ires C, 64 ,62; H, 8 .4 7 $ ) .
Methyl E ster o f Octahydro Sw ietenine (B 9).
The resid u e obtained by removal o f  so lven t from the mother liq u ors
(1 .2  gms) in  the above experiment was d isso lv ed  in  eth er and an excess
o f e th e r e a l diazomethane added* The product was adsorbed on Grade I I I
acid  alumina (25 gms)* Benzene«ethef (4*1 -  7*3) e lu ted  the c r y s ta ll in e
methyl e s te r  o f  octahydro-sw ieten ine (B9) (880 mgs) w hich, r e c r y s ta l l is e d
from e th e r - l ig h t  petroleum , had m.p. 164 -  1 6 5 ° ,[  a] ^ -  179°, (C, 1,22
in  chloroform ), X 204 m,a ( £ 5 ,6 7 0 ) , v ^ * 4  3610, 3527, 1734 cm“** max /  max
(Found C, 66 .58 ; H 8 ,4 2 . Cgg Hg0 Og req u ires C, 66,41} H, 8 .7 1 ^ ).
Pure octahydro-sw ieten ine (84 mgs) was d isso lv ed  in  ether and an 
ex cess  o f e th ere a l diazomethane added. The product, c r y s ta l l is e d  as 
above, was id e n t ic a l  w ith  the above methyl e s te r  o f octahydro-sw ieten ine  
(m.p*, rn.m .p.).
Attempted Osmylation of the  Methyl E s te r o f Octahydro-Swietenine
The m e th y l  e s t e r  o f  o c ta h y d r o - s w ie te n in e  (B9) (98mgs) was 
d i s s o l v e d  i n  d io x a n  (2 m l)  and t o  t h i s  was added a s o l u t i o n  o f  osmium 
t e t r o x i d e  (47 mgs) i n  e t h e r  (2 m l ) .  T h is  was k e p t  i n  th e  d a rk  a t  room 
t e m p e ra tu re  f o r  t h r e e  d a y s .  E xcess  hyd rogen  s u lp h id e  was p a s se d  i n t o  
t h e  s o l u t i o n  w hich  was t h e n  f i l t e r e d  th ro u g h  a c e l i t e  p a d .  The rem oval 
o f  s o lv e n t  gave unchanged m ethy l e s t e r  o f  o c ta h y d r o - s w ie te n in e  (85 mgs) 
m .p .  164 -  165° ( i d e n t i c a l  m .p . ,  m .m .p . ) .
O ctahydro  S w ie te n in e  Oxir.o (BIO)
O c ta h y d ro - s w ie te n in e  (200 mgs) and hydroxy lam ine  h y d r o c h lo r id e  
(460 mgs, 18 m o le s )  w ere  d i s s o l v e d  i n  e th a n o l  and p y r id i n e  (8 m l)  and 
s o l u t i o n  r e f l u x e d  f o r  36 h o u r s .  The rem oval o f  s o lv e n t s  and e x t r a c t i o n  
w i t h  c h lo ro fo rm  g iv e  o c ta h y d r o - s w ie te n in e  oxime (BIO) .w hich  c r y s t a l l i s e d  
i n  n e e d le s  from  c h lo ro fo rm -b e n z e n e ,  m .p .  251 -  2 5 4 ° .  (Found C, 6 3 .2 2 ;
H, 7 . 8 3 .  Cjg Hg^ 0-^Q N r e q u i r e s  C, 63.03* H, 8 .4 3 $ ) .
D e h y d ro sw ie te n in e  (B12)
To s w ie te n in e  (1 gm) d i s s o l v e d  i n  ’’A n a la r” a c e to n e  (40 m l)  was added 
an e x c e s s  o f  7 .5  N chrom ic a c id  a t  0 ° .  The s o l u t i o n  was a llo w ed  t o  warm 
t o  room t e m p e r a t u r e • Work up i n  th e  u s u a l  way gave a gum (980 mgs) 
w h ich  c r y s t a l l i s e d  from  c h lo r o f o r m - e th e r  t o  g ive  d e h y d ro sw ie te n in e  
(638 mgs) (B12) ,  m .p .  257 -  2 6 2 ° ,  [ a] -  149° (C 1 .88  i n  c h lo r o f o rm ) ,
- 6 3 -
V 1705, 1730 cm” /  Th is  was i d e n t i c a l  ( m .p . ,  I . R . )  w i t h  a sample
17p r e p a r e d  by c h ro m iu m - tr io x id e  o x i d a t io n  o f  s w ie te n in e  by D r .  J .D .  C onno lly  .
R e d u c t io n  o f  D eh y d ro sw ie te n in e  t o  S w ie t e n i n e .
D e h y d ro sw ie te n in e  (22 mgs) was r e f l u x e d  w i th  z in c  d u s t  (290 mgs) 
i n  " a n a la r* ’ a c e t i c  a c id  (2 m l)  f o r  10 m in u te s .  The rem oval o f  th e  
z in c  d u s t  and t h e  s o lv e n t  gave a gum (24 mgs) w h ich  had t h e  same R f .  
v a lu e  on a c h ro m a to p la te  as  s w i e t e n i n e .  F i l t r a t i o n  th ro u g h  Grade IV 
a c id  a lum ina  u s in g  c h lo ro fo rm  as  e l u e n t  gave s w ie te n in e  (16 m gs) ,  
m .p .  271 -  274° (from  c h lo r o f o r m - l i g h t  p e t r o l e u m ) .  ( I d e n t i c a l  I . R . ,  
m .p . ,  m .m .p . ) .
A l k a l i n e  H y d r o ly s i s  o f  D e h y d ro sw ie te n in e  (B12)
a ) D e h y d ro -D e sm e th y l-S w ie te n in e  (B50)
D e h y d ro sw ie te n in e  (B12 ) (24 m gs) i n  d io x a n  (0 .4  m l)  was h y d ro ly s e d  
w i t h  5 $  m e th a n o l ic  p o ta s s iu m  h y d ro x id e  ( 0 .4  m l)  a t  room te m p e ra tu re  
f o r  0 .5  h o u r .  The s o l u t i o n  was a c i d i f i e d  w i th  6N h y d r o c h lo r i c  a c id  and 
d i l u t e d  w i t h  w a t e r  u n t i l  a c r y s t a l l i n e  p r e c i p i t a t e  a p p e a re d .  
R e c r y s t a l l i s a t i o n  from  c h lo r o f o r m - e th e r  a f f o r d e d  d e h y d ro -d e s m e th y l -  
s w ie te n in e  (B 50), (18 m gs), m .p .  272 -  276°.. T reatm en t w i t h  an e x c e s s  
o f  e t h e r e a l  d iazom ethane  i n  m ethano l gave d e h y d ro - s w ie te n in e  m .p .
255 -  260° ( i d e n t i c a l  I . R . ,  m .p . ,  m .m .p . ) .
b )  D e h y d r o -D e s t ig lo y l -D s s m e th y l - I s o s w ie te n in e  (B19)
D e h y d ro sw ie te n in e  (B12) (1 gm) was h y d ro ly s e d  w i t h  2 ^ $  e th a n o l io
-64-
p o ta s s iu m  h y d ro x id e  (100 m is )  a t  100° under n i t r o g e n  f o r  10 m in u te s .
Water was added and t h e  s o l u t i o n  a c i d i f i e d  w i th  6N h y d ro c h lo r ic  a c id .
The c r y s t a l l i n e  d e h y d ro - d e s t i g lo y l - d e s m e th y l - i s o s w ie t e n in e  ‘ (B19)
(594 m g s) ,  m .p .  258 -  265 was f i l t e r e d .  A f u r t h e r  c rop  o f  c r y s t a l l i n e  
a c id  (250 m gs) was o b ta in e d  by e x t r a c t i o n  o f  th e  aqueous mother l iq u o r s  
w i th  e t h y l  a c e t a t e .  T rea tm en t  w i th  ex cess  e t h e r e a l  diazomethane i n  
m ethano l  a f f o r d e d  d e h y d r o - d e s t i g lo y l - i s o s w i e te n in e  (B20), m .p . 238 -  244° 
(from c h l o r o f  o r m - e t h e r ) c D -  74° (C 1 .21  i n  ch lo ro fo rm )  v Sax13 
1730 cm”^-• (Found C, 6 7 .0 3 ;  H> 6*65. Cgy Hgg 0g r e q u i r e s  C, 66 .92 ;
H, 6 . 6 6 $ ) .
D e s t ig lo y l - D e s m e th y l - I s o s w ie te n in e  (B13)
D e h y d r o - d e s t ig lo y l - d e s m e th y l - i s q sw ie te n in e  (680 mgs) was r e f lu x e d  
f o r  2 h o u r s  w i t h  z in c  d u s t  (7 .4  gms) i n  **A n a la r” a c e t i c  a c id  (150 m l) .
The s o l u t i o n  was f i l t e r e d  and s o lv e n t  removed in  vacuo 1 Work-up i n  
t h e  u s u a l  m anner a f f o r d e d  a gum (670 mgs) which c r y s t a l l i s e d  from 
c h lo r o f o rm .  A p o r t i o n  o f  t h i s  m a t e r i a l  (100 mgs) was d i s s o lv e d  i n  
e t h y l  a c e t a t e  and t r e a t e d  w i th  an excess  of e t h e r e a l  d iazom ethane . The 
p ro d u c t  showed a m ix tu re  o f  two compounds on a ch rom a top la te  and was 
ch rom atog raphed  on Grade IV a c id  a lum ina (10 gms). Chloroform -benzene 
(3 :  7 )  e l u t e d  a gum w hich f a i l e d  t o  c r y s t a l l i s e  b u t  which i s  c o n s id e re d  
t o  be 3 - a c e t o x v - d e s t i g l o y l - i s o s w ie te n in e  (B2l) from i t s  N.M.R. spectrum  
(Table 1 )  and c h lo ro fo rm  e lu t e d  d e s t i g lo y l - i s o s w i e t e n in e  (B14) ( i d e n t i c a l  
R f .  v a lu e  w i t h  d e s t i g l o y l - i s o s w i e t e n i n e  p repared  by D r, J .D .  Connolly
by th e  a l k a l i n e  h y d r o l y s i s  o f  s w ie te n in e ) .
By s h o r t e n i n g  t h e  tim e  o f  r e f l u x  to  10 m ins .  d e s t i g lo y l - d e s m e th y l -  
i s o s w ie t e n i n e  was p r e p a re d  w i th o u t  c o n ta m in a t io n  by th e  a c e t a t e .
I s o s w ie te n in e  (B15)
D e s t i g l o y l - i s o s w i e t e n i n e  (B14) (56 mgs) was d i s s o lv e d  i n  "A nalar"  
p y r id i n e  (2 m l)  and t i g l o y l  c h lo r id e  (1 ml fc.p. 45° -  50° /  17 num.) 
added i n  t h e  c o ld  and l e f t  a t  0° f o r  12 h o u r s .  The s o lu t i o n  was poured  
i n to  i c e  and e x t r a c t e d  w i th  c h lo ro fo rm . The e x t r a c t  was washed w i th  
d i l u t e  h y d r o c h l o r i c  a c i d ,  sodium hydrogen ca rb o n a te  and w a te r  i n  
s u c c e s s i o n .  Removal o f  s o lv e n t  gave a b la c k  t a r  which was chrom atographed 
on Grade IV a c id  a lum ina  (2 gm s). Chloroform^benzene (1» 9) e lu t e d  
c r y s t a l l i n e  i s o s w ie t e n i n e  (B15) (45 m gs), m .p . 213 -  215° (from e th y l  
a c e t a t e  -  l i g h t  p e t r o le u m ) ,  -  57° (C, 1.22 i n  c h lo ro fo rm ) ,
v rnOT ( n u i o l ) 3500 (h y d ro x y l)  3100, 1500, 879 ( f u r a n ) ,  1705 ( t i g l a t e
JlUc L X
e s t e r ) ,  1725 (m ethy l e s t e r ,  6 - l a c t o n e ,  cyc lohexanone) cm"^ (Found 
C, 6 7 .2 0 ;  H, 7 . 1 0 .  C32 H4Q 0 g r e q u i r e s  C, 67 .5 9 ;  H, 7 .09 % ).
H ydroxy-K eto-A ldehyde (B22)
P e s t  i g l o y l - d e  s m e th y l- i s o s w ie te n in e  (B13 ) (290 mgs) and le a d  
t e t r a c e t a t e  (400 mgs) were d i s s o lv e d  in  "A na la r” a c e t i c  a c id  (20 m l)  
and l e f t  i n  t h e  d a rk  f o r  3 days a t  room te m p e ra tu re .  Water was 
added , s o l u t i o n  f i l t e r e d ,  e x t r a c t e d  w i th  ch lo ro fo rm  and s e p a r a te d  
i n to  a c id  (20 mgs) and n e u t r a l  (260 mgs) f r a c t i o n s .  C r y s t a l l i s a t i o n
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from c h l o r o f o r m - l i g h t  p e tro leu m  o f  th e  n e u t r a l  f r a c t i o n  a f fo rd e d
h y d ro x y -k e to -a ld e h y d e  (B22 ) (225 mes) m.D. 230 9. 370 4i CCU
—  t v  mRX .
1752, 1734, 1721 cm**1 . Th is  was i d e n t i c a l  in  I . R . ,  m .p . ,  m.m.p. w i th  
m a t e r i a l  p r e p a r e d  by D r.  J .D .  Connolly by th e  c leavage  o f  th e  
a - h y d r o x y - a c i d  by le a d  d io x id e  i n  r e f l u x in g  a c e t i c  a c id .
K e to -A ld e h y d e -A c e ta te  (B23)
The h y d r o x y -k e to -a ld e h y d e  (B22) (40 mgs) was a c e t y la t e d  i n  a c e t i c  
a n h y d r id e  (1 m l)  and p y r id in e  (2 m l) a t  room tem p e ra tu re  f o r  12 hours.. 
Work up i n  t h e  u s u a l  manner a f f o r d e d  th e  k e to -a ld e h y d e -a o e ta te  (B23)
(37 mgs) m .p .  274 -  279° (from  c h lo r o f o rm - l ig h t  p e tro le u m ) .  This  was 
i d e n t i c a l  w i t h  m a t e r i a l  p re p a re d  d i r e c t l y  by Dr. JJD. Connolly i n  th e  
above l e a d  d io x id e  r e a c t i o n .
K e to -A ld e h y d e -T o sy le te  (B24)
The h y d ro x y -k e to -a ld e h y d e  (B22) (58 mgs) was d i s s o lv e d  i n  p y r id in e  
(2 m l)  and p - to l u e n e - s u lp h o n y l  c h lo r id e  (63 mgs) was added and l e f t  a t  
room t e m p e r a tu r e  f o r  24 h o u r s .  The u s u a l  work up gave a gum which 
showed a m ix tu re  o f  s t a r t i n g  m a t e r i a l  and a l e s s  p o la r  p ro d u c t  on a 
c h r o m a to p l a te .  The m ix tu re  was chromatographed on Grade 17 n e u t r a l  
a lum ina  (3 gm s), l ig h t -p e t ro le u m -b e n z e n e  (1 : l )  e l u t i n g  k e t 0 - a ld e h y d e -  
t o s y l a t e  (B24) (31 mgs) w hich  s o l i d i f i e d  on long s ta n d in g  Vmax ( n u jo l )
1590, 1360 cnT1 ,
The t o s y l a t e  (B24) was r e f lu x e d  under n i t r o g e n  i n  r e d i s t i l l e d
- 6 7 -
c o l l i d i n e  (5 m l)  f o r  6 hours*  The s o lu t io n  was poured in to  w a te r  
and e x t r a c t e d  w i t h  c h lo ro fo rm .  The e x t r a c t  was washed w i th  d i l u t e  
h y d r o c h l o r i c  a c i d ,  sodium hydrogen ca rb o n a te  and w a te r .  The p roduct 
was r u n  on a c h ro m a to p la te  which showed on ly  s t a r t i n g  m a t e r i a l .
M ethyl E t h e r ,  M ethyl E s t e r  o f  t h e  Hydroxy-Keto-Aldehyde
The h y d ro x y -k e to -a ld e h y d e  (B22 ) (90 mgs) was t r e a t e d  w i th  0.1N 
dry  m e th a n o l i c  h y d r o c h lo r i c  a c id  (1 .5  m l) on th e  s team -ba th  under 
r e f l u x  f o r  20 m in u te s .  The m ethanol was removed and th e  p roduct  
ch rom atographed  on Grade V n e u t r a l  alumina (5 gms). Benzene e lu t e d  
m a t e r i a l  (53 mgs) w h ic h ,  a l th o u g h  i t  was one spot on a c h ro m a to p la te ,  
f a i l e d  t o  c r y s t a l l i s e .
The M ethyl E t h s r ,  M ethyl E s t e r  o f  th e  Acetoxy-Keto-Aldehyde (B25)
The above gum (53 mgs) was d i s s o lv e d  i n  "Analar"  p y r id in e  (1 m l)  
and a c e t i c  an h y d r id e  ( l  m l)  added and l e f t  a t  room tem p e ra tu re  f o r  
12 h o u r s .  The u s u a l  work-up gave th e  p roduct (55 mgs) which was 
ch rom atographed  on Grade IV a c id  alumina (3 gms). Benzene e l u t e d  th e  
c r y s t a l l i n e  m ethy l  e t h e r ,  m ethyl e s t e r  o f  th e  a c e to x y -k e to -a ld e h y d e  (B25) 
(35 m g s) ,  m .p .  184 -  186°, V max ( n u jo l )  1710, 1740 cm"1 (Found C, 6 7 .3 2 ;  
H, 7 .6 1 .  Cgg H3 Q Oq r e q u i r e s  C, 6 7 .6 8 ;  H, 7 .4 4 $ ) .
The same p ro d u c t  was o b ta in e d  by th e  t r e a tm e n t  of th e  k e to - a ld e h y d e -  
a c e t a t e  (B23) w i t h  0.1N m eth a n o lic  h y d ro c h lo r ic  a c id .
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Y -Lactone (B29)
The h y d ro x y -k e to -a ld e h y d e  (B22) (116 mgs) was d i s s o lv e d  in  e th a n o l  
(7 m l ) ,  0 .5N sodium hyd rox ide  s o l u t i o n  (7 ml) added and r e f lu x e d  under 
n i t r o g e n  on th e  s te a m -b a th  f o r  1 h o u r .  The s o lu t i o n  was a c i d i f i e d  w i th  
6N h y d r o c h l o r i c  a c id  and e x t r a c t e d  w i th  e th y l  a c e t a t e .  E v a p o ra t io n  o f  
th e  s o lv e n t  gave a gum w hich  showed two sp o ts  on a ch rom atop la te  bu t 
w hich co u ld  n o t  be s e p a r a te d  by chrom atography. The m ix tu re  was s e p a r a te d  
by p r e p a r a t i " .  T .L .C .  u s in g  2$ m ethano l-ch lo ro fo rm  as s o lv e n t  and sp ra y in g  
w i th  w a te r  t o  show th e  b a n d s .  E x t r a c t i o n  of t h e  more p o la r  band gave 
Y - l a c to n e  (B29) (70 m gs) ,  m .p . 242 -  246° (from c h lo r o f o r m - p e t r o l ) ,
[c.]^ + 1110 (C, 1 .02 i n  c h lo r o f o rm ) ,  V ^ GX^ 3 3620, 3587, 1770 and 1732 cm 
(Found C, 6 7 .8 7 -  H, 7 .5 2 .  C2g H3Q 0g (HgO) r e q u i r e s  C, 67 .5 5 ;  H, 7 .2 6 $ ) .  
E x t r a c t i o n  o f  t h e  o th e r  band gave a gum (40 mgs) which a l th o u g h  i t  was 
one sp o t  on a c h ro m a to p la te ,  f a i l e d  t o  c r y s t a l l i s e .  The a c e t a te  o f  t h i s  
compound, p r e p a r e d  i n  t h e  u s u a l  way, a ls o  f a i l e d  t o  y i e l d  a c r y s t a l l i n e  
compound,
Y -L ac tone  A c e ta t e  (B 3 l)
The Y - l a c t o n e  (10 mgs) was d i s s o lv e d  i n  ’’A nalor” p y r id in e  (1 m l)  
and a c e t i c  a n h y d r id e  (1 m l)  was added and l e f t  a t  room te m p e ra tu re  f o r  
12 h o u r s .  The u s u a l  w ork-up gaveY - l f l 0^ 0*16 a c e t a te  (B3l) (9 mgs) m .p .
274 -  278° (from  c h l o r o f o r m - e th e r ) ,  v mGX ( n u jo l )  1730, 1770 cm "!.
(Found C, 6 8 .7 7 ;  H, 6 .8 5 .  C27 H32 0 7 r e q u i r e s  C, 69 .2 1 ;  H, 6 .8 8 $ ) .
Dehydro-Y-Luctone (B32)
To t h e y  - l a c t o n e  (180 mgs) d i s s o lv e d  i n  "Analur" acetone  (5 ml) 
was added an e x c e s s  o f  7.5N chromic a c id  a t  0°C. The s o lu t i o n  was 
a llow ed  t o  warm t o  room t e m p e r a tu r e .  Work-up i n  th e  u s u a l  manner and 
w ash ing  w i t h  sodium b ic a r b o n a te  s o lu t i o n  a f fo rd e d  dehydro-V - la c to n e  (B32) 
(120 m g s) ,  m .p .  247 -  251° (from c h lo r o f o r m - e th e r ) ,  [ o ] D + 190° (C 0 .92  
i n  p y r i d i n e )  v CHCI3 1735, 1762, 1781 cm"*1 . (Found C, 70.14- H, 6 ,3 5 .
C25 ^28 ° 6  r e ( lu i r e s  C, 70 .7 4 ;  H, 6 .6 5 $ ) .
R e d u c t io n  o f  D e h y d ro -y -L a c to n e .
D e h y d r o -y - l a c to n e  (B32 ) (29 mgs) was t r e a t e d  w i th  an  ex cess  of 
sodium b o r o h y d r id e  (15 mgs) i n  m ethanol (10 ml) f o r  1 .5  h o u r s .  The 
s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  h y d ro c h lo r ic  ac id  and e x t r a c t e d  w i th  
c h lo r o f o rm .  The c rude  gum, t h u s  o b ta in e d ,  showed two sp o ts  on a 
c h r o m a to p l a t e . The m ix tu re  was s e p a ra te d  by p r e p a r a t i v e  T .L .C . ,  e x t r a c t i o n  
o f  t h e  more p o l a r  band g iv in g  y - l a c t o n e  (B29) (25 mgs) m .p . 240 -  2 4 5 ° .  
E x t r a c t i o n  o f  t h e  o th e r  band a f fo rd e d  1 - e p i y - l a c t o n e  (B33) (3 mgs) w hich 
f a i l e d  t o  c r y s t a l l i s e  v 1758* 3200 cm“^.
T rea tm en t  o f  D eh y d ro y  -L actone  w i th  Base
D e h y d r o -y - l a c to n e  (B32 ) (52 mgs) was d i s s o lv e d  i n  e th a n o l  (3 .5  m l)  
and t r e a t e d  w i t h  0.5N sodium hydrox ide  s o lu t i o n  (3 .5  m l)  on th e  s team - 
b a th  u n d e r  n i t r o g e n  f o r  one h o u r .  W ater was added, s o l u t i o n  a c i d i f i e d
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w ith  d i l u t e  h y d r o c h l o r i c  a c id ,  e x t r a c t e d  w i th  ch lo ro fo rm  and s e p a ra te d  
in to  a c id  (34 mgs) and n e u t r a l  (17 mgs) f r a c t i o n s .  The a c id ic  f r a c t i o n  
was d i s s o l v e d  i n  m ethano l  and t r e a t e d  w i th  e t h e r e a l  d iazom ethane. 
F i l t r a t i o n  t h r o u g h  Grade IV a c id  alumina in  ch lo roform  a ffo rd ed  c r y s t a l l i n e  
h y d r o x y - m e th y l - e s te r  (B34) (25 m gs), m .p . 209 -  212° , (from ch lo ro fo rm -  
l i g h t  p e t r o l e u m ) ,  [ a ] D + 120° (C 1 .1  in  ch lo ro fo rm )  v £HC13 3614, 1750,
1731 cm*"1 , (Found C, 6 8 .3 1 ;  H, 7 .1 2 .  Cgg H32 O7 r e q u i r e s  C, 6 8 .4 0 ;  H, 
7 .0 7 ^ ) .  C r y s t a l l i s a t i o n  o f  th e  n e u t r a l  f r a c t i o n  from c h lo r o fo rm - l ig h t  
p e tro le u m  a f f o r d e d  dehydro-Y -1  a c t 0ne (B32 ) (15 m gs), m .p . 247 -  251° .  
( I d e n t i c a l  m .p . ,  m .m .p . ,  I . R . ,  and Rf v a lu e ) .
D ik e to -A ld eh y d e  (B56)
The h y d ro x y -k e to -a ld e h y d e  (B22) was o x id ise d  i n  th e  u s u a l  way w i th
an e x c e s s  o f  7.5N chrom ic a c id  a t  0°C. The p roduct was a gum (70 mgs)
which was ch rom atographed  on Grade IV a c id  alumina (3 gms). Benzene
e l u t e d  t h e  d ik e to - a ld e h y d e  (B36) (44 mgs), m .p . 218 -  221° (from
c h l o r o f o r m - e t h e r ) ,  v CC14 1751, 1722 cm"1 . The same compound was / '  max '
o b ta in e d  by  D r .  J .D .  C onnolly  by th e  a c t i o n  o f  chromium t r i o x i d e  i n  
p y r id i n e  on th e  h y d ro x y -k e to -a ld e h y d e .
Enone M ethy l E s t e r  (B37)
The d ik e to - a ld e h y d e  (B36) (71 mgs) was d i s s o lv e d  i n  e th a n o l  (3 ml) 
and t r e a t e d  w i t h  0.5N sodium hydrox ide  s o lu t i o n  (3 m l) on th e  s te a m -b a th  
f o r  one h o u r .  W ater was added, s o l u t i o n  a c i d i f i e d  w i th  6 N h y d ro c h lo r ic
a c id ,  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  and s e p a ra te d  i n to  ac id  and n e u t r a l  
f r a c t i o n s .  The a c id  f r a c t i o n  (60 mgs) was d i s s o lv e d  in  methanol and 
t r e a t e d  w i t h  an e x c e s s  o f  e t h e r e a l  d iazom ethane . Removal o f  s o lv e n ts  
a f f o r d e d  a gum w hich  was chrom atographed on Grade IV ac id  alum ina (3 gms)* 
C h lo ro fo rm -benzene  (3 : 7 -  2 : 3 )  e lu t e d  th e  c r y s t a l l i n e  enone-m ethyl e s t e r  
(B37) (48 m g s) ,  m .p .  285 -  287° (from c h lo r o f o r m - e t h e r ) ,  [ c d D + 2 5 ° .
(C 0 .5 6  i n  c h lo r o f o r m ) ,  V £HC13 3620, 3583, 1733, 1687 cnT1 . (Found C, 
6 7 .1 9 ;  H, 7 . 1 6 .  C26 H32 0 y ( | h 20 )  r e q u i r e s  C, 6 7 .1 0 ;  H, 7 .1 5 $ ) .
Attem pt t o  O x id ise  Enone M ethyl E s t e r  (B37)
The enone m eth y l  e s t e r  (8 mgs) was d i s s o lv e d  i n  "A nalar"  ace tone  
(2 m l)  and an e x c e s s  o f  7.5N chrom ic a c id  added t o  th e  ro e -c o ld  s o l u t i o n .  
The s o l u t i o n  was a llow ed  t o  warm to  room tem p e ra tu re  and e x t r a c t i o n  w i th  
c h lo ro fo rm  a f f o r d e d  c r y s t a l l i n e  enone m ethyl e s t e r  m .p . 285 -  287° 
( i d e n t i c a l  m .p . ,  m .m .p . ,  I . R . ,  and Rf va lu e  w i th  s t a r t i n g  m a t e r i a l ) .
A ttem pt t o  A c e t y l a t e  Enone M ethyl E s t e r  (B37)
The enone m ethy l  e s t e r  (11 mgs) was d i s s o lv e d  in  a c e t i c  a n h y d r id e ,  
fu se d  sodium a c e t a t e  (60 mgs) added and s o l u t i o n  r e f l u x e d  f o r  one hour*
The s o lv e n t  was removed i n  vacuo and t h e  u s u a l  work-up a f fo rd e d  a gum 
w hich  was ch rom atographed  on Grade IV ac id  a lum ina . Chloroform -benzene 
(2 :  5 )  e l u t e d  th e  enone m ethy l e s t e r  m .p . 284 -  287° ( i d e n t i c a l  m .p . ,  
m .m .p . ,  R f  v a lu e  w i th  s t a r t i n g  m a t e r i a l ) .
Attempt to  Dehydrate Enone Methyl E ste r (B37)
The enone m e th y l  e s t e r  (4 mgs) was d i s s o lv e d  i n  p y r id in e  (o .5  m l) ,  
phosphorous  o x y c h lo r id e  (4 d ro p s )  added and l e f t  a t  room tem p e ra tu re  
f o r  3 d a y s .  The u s u a l  work-up a f fo rd e d  th e  enone m ethyl e s t e r  ( i d e n t i c a l  
m .p . ,  m .m .p . ,  Rf v a lu e  w i t h  s t a r t i n g  m a t e r i a l ) .
B orohyd r ide  R e d u c t io n  o f  t h e  Enone M ethyl E s t e r  (B37)
The enone m ethy l  e s t e r  (13 mgs) and sodium borohydride  (30 mgs) 
w ere k e p t  i n  m eth an o l  (2 m l)  a t  20° f o r  12 h o u r s .  The p roduct  o b ta in e d  
w i t h  e t h y l  a c e t a t e  from  th e  a c i d i f i e d  r e a c t i o n  showed a m ix tu re  o f  s ix  
compounds on a c h r o m a to p la te .
T r ik e to n e  (B18)
D e h y d r o - d e s t i g l o y l - i s o s w ie te n in e  (460 mgs) was o x id is e d  i n  th e  
u s u a l  manner w i t h  7.5N chrom ic a c i d .  Usual work-up gave th e  t r i k e t o n e  
(B18) (316 mgs) m.p,. 231 -  235° (from c h lo r o f o r m - e th e r ) ,  v 1730
w i t h  a s h o u ld e r  a t  1742 cm“^ .  T h is  was i d e n t i c a l  t o  t h e  t r ik e to x ie  
o b ta in e d  by Dr.. J .D .  C onnolly  by th e  a c t i o n  o f  chromium t r i  o x id e - p y r id in e  
on d e s t i g l o y l - i s o s w ie te n in e  (B14).
I s o t r i k e t o n e  (B 4 l)
The t r i k e t o n e  e s t e r  (B18) (200 m gs), d i s s o lv e d  i n  d ioxan  (4 m l) ,  
was t r e a t e d  w i t h  5% m e th a n o l ic  p o ta ss iu m  hydrox ide  (4 m l)  a t  room
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t e m p e ra tu re  f o r  30 m in u te s .  The u s u a l  work-up a f fo rd e d  an a c id  w hich 
was m e th y la te d  w i t h  an ex cess  o f  e t h e r e a l  diazomethane to  a f f o r d  th e  
i s o t r i k e t o n e  (B41) (155 m gs), m .p .  297 -  299° w i th  p rev io u s  s u b l im a t io n  
(from c h l o r o f o r m - e t h e r ) ,  [ c J D + 43° (C 1.08 i n  ch lo ro fo rm )  v 1787,
1764, 1735 cm"1 . (Found C, 6 6 .0 4 ;  H, 6 .2 9 .  Cg7 H30 0Q ( |  HgO) r e q u i r e s  
C, 6 5 .9 9 ;  H, 6.33/C). The m other l iq u o r s  from  th e  c r y s t a l l i s a t i o n  of th e  
i s o t r i k e t o n e  showed s t r o n g  enone a b s o rp t io n  in  the  I .R .  (1680 cm"1 ) b u t  
no c r y s t a l l i n e  enone cou ld  be o b ta in e d .
T rea tm en t  o f  t h e  I s o t r i k e t o n e  w i th  Zinc end A c e t ic  Acid
The i s o t r i k e t o n e  (B 4 l)  ( l l  mgs) was r e f lu x e d  w i th  z in c  d u s t  (158 mgs) 
i n  " A n a la r ” a c e t i c  a c id  ( l  m l)  f o r  3 h o u r s .  The u s u a l  work-up gave a 
gum w h ich  had th e  same Rf v a lu e  on a ch rom atop la te  as th e  i s o t r i k e t o n e .
The c ru d e  m a t e r i a l  was f i l t e r e d  th ro u g h  Grade IV a c id  alum ina i n  c h lo ro fo rm  
t o  g ive  i s o t r i k e t o n e  (10 mgs) m .p . 297 -  299° ( i d e n t i c a l  I . R . ,  m.p;., m .m.p. 
w i t h  a u t h e n t i c  sa m p le ) .
B o rohyd r ide  R e d u c t io n  o f  th e  I s o t r i k e t o n e
The i s o t r i k e t o n e  (B 4l)  (150 mgs) and sodium bo rohydride  (450 mgs) 
were k e p t  i n  m ethano l  (35 m l) f o r  12 h o u r s .  The p roduct  (145 mgs) 
o b ta in e d  w i t h  c h lo ro fo rm  from  t h e  a c i d i f i e d  r e a c t i o n ,  showed two more 
p o l a r  s p o ts  on a c h ro m a to p la te .  The m ix tu re  was chrom atographed on 
Grade I I I  a c id  a lum ina  (6 gms). E l u t i o n  w i th  ch lo ro fo rm -benzene  
( 3 : 7 -  2 :  3 )  a f f o r d e d  th e  a lc o h o l  A (B43) (56 m gs), m .p .  313 -  317°
-7*-
(from c h l o r o f o r m - p e t r o l ) ,  j o l  -  72° (C 1 .00  iti p y r id in e  ),V CHC13
L 0 '* max
3465, 1783, 1720 cm"1 . (Found C, 66 .73- H, 6 .6 3 .  C27 H32 08 r e q u i r e s
C, 6 6 .9 2 ; H, 6 . 66%) .
E l u t i o n  w i t h  ch lo ro fo rm -benzene  (l*  1 -  3 : 2 )  gave th e  a lc o h o l  B
(B44) (84 m gs) w h ic h ,  a l th o u g h  i t  was homogeneous as judged by t h i n —la y e r
CHC1c h ro m a to g ra p h y ,  f a i l e d  t o  c r y s t a l l i s e  v 3 3620, 3575, 1783, 1756, 1732.max t i t
cm"-1 •
.Acetate A (B45 )
The a lc o h o l  A (B43) (50 mgs) was d i s s o lv e d  i n  p y r id in e  (1 m l) ,
" A n a la r” a c e t i c  a n hyd ride  (1 m l)  added and th e  s o lu t i o n  l e f t  a t  room 
t e m p e r a tu r e  f o r  12 h o u r s .  The u s u a l  work-up gave a m ix tu re  which was 
ch rom atog raphed  on Grade I I I  a c id  a lum ina . Chloroform -benzene ( l j  9 )  
e l u t e d  t h e  a c e t a t e  A (B45) (35 mgs), m .p . 141 -  144° (from ch lo ro fo rm -  
p e t r o l ) ,  [ c ] D -  82° (C 1.22 i n  c h l o r o f o r m )  V £HC13 1 7 8 0 >  1 7 3 7  cm- l .
(Found C, 6 5 .3 3 ;  H, 6 .5 7 .  C2Q H34 0g ( i  HgO) r e q u i r e s  C, 65 .0 5 ;  H, 6 .5 8 $ ) .
I
A c e ta te  B (B46)
The a lc o h o l  B (B44) (44 mgs) was d i s s o lv e d  i n  p y r id in e  (1 m l) ,
" A n a la r” a c e t i c  an h y d rid e  (1 ml) added and th e  s o lu t i o n  was l e f t  a t  room
te m p e ra tu re  f o r  12 h o u r s .  The u s u a l  work-up a f fo rd e d  th e  a c e t a t e  B (B46)
(35 m g s) ,  m .p .  259 -  262° (from c h lo r o f o r m - p e t r o l ) ,  ^  -  13° (C 1.12 i n
c h lo r o f o r m ) ,  v CHC13 X783, 1739 cm"1 . (Found C, 65 .60 ; H, 6 ,4 7 .  
x 9 max
c 2 9 H34 09 ( | H 20 )  r e q u i r e s  C, 6 5 .0 5 ;  H, 6.58?$. A f te r  p ro longed  d ry in g  
a t  100° f o r  60 h o u r s ;  Found C, 6 6 .04 ;  H, 6 .4 0 ,  C29 H34 0g r e q u i r e s
C, 6 6 .1 4 ;  H, 6.51?$),
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H y d ro ly s i s  o f  A c e ta t e s  A and B t o  A lcoho ls  A and B
The a c e t a t e s  A and B (10 mgs) were i n  t u r n  hyd ro ly sed  w i th  5?$ 
m e th a n o l ic  p o ta s s iu m  hydrox ide  ( l  m l) a t  room tem p era tu re  f o r  one h o u r .  
The u s u a l  w ork-up  a f f o r d e d  a lc o h o ls  A and B w ith o u t  m e th y la t io n  (same 
Rf v a lu e s  on a c h r o m a to p la te ) .
O x id a t io n  o f  A lc o h o ls  A and B t o  th e  I s o t r i k e t o n e .
The a l c o h o l s  A and B were i n  t u r n  o x id ise d  by 7.5N chromic a c id  
to  a f f o r d  t h e  i s o t r i k e t o n e , m .p .  297 -  299° (no d e p re s s io n  w i th  a u th e n t i c  
i s o t r i k e t o n e ) .
D i h y d r o t r ik e t o n e  (B47)
The t r i k e t o n e  e s t e r  (B18) (110 mgs) was r e f lu x e d  w i th  z in c  dus t  
(1 .2  gm) i n  " A n a la r"  a c e t i c  a c id  f o r  2 h o u r s .  The u s u a l  work-up a f fo rd e d
a gum (110 mgs) w hich  was f i l t e r e d  th ro u g h  Grade IV a c id  a lum ina i n
c h lo ro fo rm  t o  g ive  t h e  d i h y d r o t r ik e to n e  (B47) (78 mgs), m .p .  221 -  223° 
(from  e t h y l  a c e t a t e - p e t r o l ) ,  [ a ]  ^ -  254° (C 1.63 in  ch loroform )^
3611, 3538 , 1739, 1716 cm"1 . (Found C, 66 .46- H, 6 .9 3 .  C2? H32 0g
r e q u i r e s  C, 66..93* H, 6.66?$).
O x id a t io n  o f  t h e  D i h y d r o t r i ke tone  (B47) t o  th e  T r ik e to n e  (B18)
The d i h y d r o t r i k e to n e  (B47) (10 mgs) was o x id is e d  in  th e  u s u a l  
manner w i t h  7.5N chromic a c i d .  The u s u a l  work-up a f fo rd e d  th e  t r i k e t o n e
(B18), m .p .  227 -  231° ( i d e n t i c a l  w i th  a u th e n t i c  sample i n  I . R . ,  m .p . ,  
m .m .p . ,  and R f  v a l u e ) .
I  s od ihyd  r  o t  r  i k e t  one
The d i h y d r o t r i k e t o n e  (B47) (42 mgs) in  d ioxan  (0 .8  m l) was t r e a t e d  
w i th  5 #  m e th a n o l i c  p o ta s s iu m  hydrox ide  (0 .8  m l)  f o r  30 m inu tes  a t  room 
t e m p e r a t u r e .  The u s u a l  work-up a f fo rd e d  an a c id  which was d i s s o lv e d  i n  
m ethano l and t r e a t e d  w i t h  an ex cess  o f  e t h e r e a l  d iazom ethane . The p ro d u c t  
was ch rom atographed  on Grade IV a c id  a lum ina . Chloroform-benzene ( l j  4 )  
e l u t e d  c r y s t a l l i n e  i s o d i h y d r o t r ik e t o n e  (30 m gs), m .p . 259 -  263° ,  (from 
c h l o r o f o r m - p e t r o l ) ,  [ o l  ^ 113° (C 0 .91  i n  ch lo ro fo rm )v  1783,
1738, 1717 cm” 1 . (Found C, 6 5 .8 9 ;  H, 6 .8 0 .  Cg7 H32 0Q ( i  HgO) r e q u i r e s  
C, 6 5 .7 2 ;  H, 6 . 7 4 # ) .
The A ttem p te d  O x id a t io n  o f  I  sod ih y d r  o t r  i k e t  one
The i s o d i h y d r  o t r  i k e t  one (6 mgs) was o x id ise d  in  t h e  u s u a l  manner 
w i th  7.5N chrom ic  a c i d .  The u s u a l  work-up a f fo rd ed  i s o d i h y d r o t r i k e t o n e , 
m .p . 257 -  263° ( i d e n t i c a l  m .p . ,  m.m.p. and Rf v a lu e ) .
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PART II
THE CONST ITOTION OF NIMBIN
The C o n s t i t u t i o n  of  Nimbin1
2Nimbin i s o l a t e d  from  v a r io u s  p a r t s  o f  t h e  nim t r e e  (Melia a z a d i r a c h t a
L inn) has  b e e n  p r e v i o u s l y  i n v e s t i g a t e d  by Narasimhan3 and by Sengupta e t  a l 4
who c o n c lu d e d  t h a t  i t  had th e  m o lecu la r  form ula  CLn E„0 o r  H,* 0 „ ,29 36 9 30 36 9
c o n ta in e d  a f u r a n  r i n g ,  a m ethoxyl, two carbom ethoxyl, one a c e t a t e  g ro u p s ,  
an<£, f  u n s a t u r e t e d  ke tone  and i s  b i c a r b o c y c l i c  s in ce  1 , 2 ,  5 t r i m e t h y l -  
n a p h th a le n e  was i s o l a t e d  from dehyd rogena tion  experim ents  of a l i t h iu m  
alum inium  h y d r id e  r e d u c t i o n  p r o d u c t .  The p ro d u c ts  o f  a lk a l in e  d e g ra d a t io n  
and p y r o l y t i c  e x p e r im e n ts  e s t a b l i s h e d  t h a t  nimbin had th e  p a r t  s t r u c t u r e  
(C2) o r  (C 3 ) .  The m o le c u la r  fo rm u la ,  C^q Hgg Og,3 has r e c e n t l y  been  
co n firm ed  by  m a s s - s p e c t ro m e t r y .
We have re -e x a m in ed  th e  above evidence  and on th e  b a s i s  o f  a d d i t i o n a l  
ch e m ica l  and n u c l e a r  m agne tic  resonance  (sp in -d e c o u p l in g 3 ) s tu d i e s  conc lude  
t h a t  n im b in  (C l)  i s  a n o v e l  t e t r a n o r t r i t e r p e n o i d  i n  which r i n g  C i s  c le a v e d .
The n u c l e a r  m agne tic  resonance  spectrum  has confirmed th e  f u n c t i o n a l  
g roups i n  n im b in .  I t  shows th e  p resence  of  t h r e e  q u a te rn a ry  m ethyl groups 
( T 8 . 7 3 ,  3H, s i n g l e t ,  and t 8 . 6 6 ,  6H, s i n g l e t ) ,  and one v in y l  m ethyl 
( T 8 .3 3 ,  3H, d o u b l e t ,  J  = 2 c . p . s . ) ,  one a c e t a te  group ( T 7 . 9 8 ,  3H, s i n g l e t ) ,  
two c a rb o m eth o x y l  g roups ( T 6 .3 8  and % 6 .2 8 ,  3H each , s i n g l e t )  and one 
{ 3 -su b s t i tu te d  f u r a n  r i n g  ( t 2 . 7 2 ,  2H, m u l t i p l e t  and T 3 . 6 8 ,  1H, d i f f u s e  
s i n g l e t ) .  I n  t h e  i n f r a - r e d ,  n im bin shows a b s o rp t io n s  a t  1739 ( t ,  1 ,2 6 0 )
(two c a rb o m e th o x y l ,  one a c e t a t e  g ro u p s ) ,  and 1688 (6 , 832) (j., p  u n s a tu r a te d  
k e to n e )  cm” 1 i n  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n .  Nimbin does not c o n ta in  
a h y d ro x y l  group (absence  In  th e  i n f r a r e d  o f  bands above 3 ,000  cm"1 ) w hich
su g g e s ts  t h a t  t h e  rem a in in g  oxygen f u n c t io n  i s  p r e s e n t  as an e t h e r .
This  c a n  be co n fi rm ed  by th e  n u c le a r  m agnetic  resonance spectrum  (see 
s e q u e l ) .
The above f u n c t i o n a l  groups account f o r  a l l  th e  n ine  oxygen atoms 
p r e s e n t  i n  n im b in .
H y d ro g e n a t io n  o f  n im bin  over 10$  p a l la d iu m  c h a rc o a l  r e s u l t s  i n  th e  
up tak e  o f  t h r e e  m oles o f  hydrogen t o  y i e l d  c r y s t a l l i n e  hexahydro-niribim  (C4), 
m .p . 202 -  206° w hich  from i t s  n u c le a r  m agnetic  resonance  (v in y l  m e th y l,
'E8 .2 , 3H, d o u b l e t ,  J  = 2 c . p . s . )  and i t s  u l t r a v i o l e t  s p e c t r a  (X max 
213 ny*, t  4 ,9 0 0 )  must c o n ta i n  an i s o l a t e d  double bond. Nimbin i s  t h e r e f o r e  
t r i c a r b o c y c l i c  and i t s  b a s ic  C2 g carbon  s k e le to n ,  th e  ^ - s u b s t i t u t e d  f u r a n  
r i n g  and i t s  f i v e  C-m ethyl groups ( th re e  a t  q u a te rn a ry  carbon  atom s, one 
on an  o l e f i n i c  l i n k a g e ,  and one o x id is e d  to  a carbom ethoxyl g ro u p ) ,
•7
s u g g e s t s  a b i o g e n e t i c  r e l a t i o n  t o  lim on in  .
M ild  h y d r o l y s i s 8 o f  n im bin  a f f o r d s  nimbic ac id  i n  w hich  b o th  th e  
c a rbom ethoxy l  and th e  a c e t a t e  groups have been h y d ro ly se d .  The t r e a tm e n t  
o f  n im bic  a c id  w i t h  d iazom ethane y i e l d s  d e s a c e ty l  nimbin (C5), m .p . 206 -  210 
V max4 1687 ( ^  p* u n s a tu r a t e d  k e to n e ) ,  1743 (ca rbom ethoxy ls ) cm"1 . When 
n im bin  i s  t r e a t e d  f u r t h e r  w i t h  b a s e ,  a m ix tu re  o f  a c id s  was o b ta in e d  
whose d e r i v e d  m ethy l  e s t e r s  were s e p a ra te d  by chromatography u s in g  g r a d ie n t  
e l u t i o n .  I t  has  been  p roved4 t h a t  th e s e  e s t e r s  A, B, and C are  i s o m e r ic ,
C26 H32 °6* formed by t h e  rea d y  d e c a rb o x y la t io n  o f  nimbic a c i d .  E s t e r  
A (C6) ,  m .p .  138 -  142° ,  i s  th e  f>. ^ u n s a tu r a te d  ketone  v max ( n u jo l )
3500 ( h y d ro x y l )  1735 (ca rbom ethoxyl)  1710 (cyc lohexanone) cm"1 and e s t e r  
B, m .p .  153 -  155° and e s t e r  C, m .p .  148 -  153° (C7) a re  t h e  J. , (b u n s a tu r a te d
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ke tones  w h ic h  a re  e p im e r ic  a t  t h e  carbon  a to m y  to  th e  k e to n e ,  v ('nuiol')
'  max v J '
3500 ( h y d r o x y l ) ,  1740 (o a rb o m sth o x y l), 1690 (* ,  f c u n s a tu ra ta d  k e to n e ) cm- 1 .
hy
The d e c a r b o x y l a t i o n  does no t occur when hex^Qronimbin (C4 ) i s  t r e a t e d  w i th  
a l k a l i .
The above e x p e r im e n ts  can  be e x p la in ed  i f  nimbin has th e  p a r t  s t r u c t u r e
(C8). T h i s  can  be con firm ed  by n u c le a r  m agnetic  resonance s p e c t ro sc o p y .
Nimbin c o n t a i n s  an  4 -, p. u n s a tu r a t e d  ketone w i th  th e  carbon a to m y  to  th e
k e to n ic  f u n c t i o n  f u l l y  s u b s t i t u t e d .  This  fo l lo w s  s ince  th e  v in y l  p ro to n s
of n im b in  fo rm  a t y p i c a l  A B q u a r t e t  ( t 3 .6 8 ,  '■£4.15, 2H, d o u b le t s ,
« 10 c . p . s . )  and a re  n o t  f u r t h e r  co u p le d .  In  th e  n u c le a r  m agnetic
re so n a n c e  sp e c t ru m  o f  t h e  a c e t a t e  of  th e  above e s t e r  B (C9), m .p .  178 -  180° ,
[ J L  +■ 1 7 8 ° ,  t h e  v i n y l  p ro to n s  s t i l l  form an A B q u a r te t  3 .5 2 ,  t ; 4 , 2 0 )
bu t  now a re  f u r t h e r  coup led  w i th  th e  new p ro to n  a t  which i t s e l f  co u p le s
w i th  t h e  new se co n d a ry  m ethy l group ( t 8 .7 3 ) .  This confirm s th e  p r e v io u s ly
i n f e r r e d 4 s u b s t i t u t i o n  a t  p o s i t i o n  C4 and i f  we assume a e u p h o l-d e r iv e d 7
s t r u c t u r e ,  p l a c e s  t h e  enone and one carbom ethoxyl group i n  r i n g  A.
The r e l a t i o n  o f  t h e  second m ethoxy-carbonyl group t o  th e  enone system
3 4
emerges from  th e  c o n s t i t u t i o n  o f  pyronim bic ac id  '  (CIO), C25 **28 ° 5 '
m .p . 2 5 2 - 3 ° ,  v max13 1652 (o l e f i n i c  l i » k a60 )* 1747 (eno1 6 - l a c to n e )  cm- 1 ,
) , max  280 myu, ( (-9 ,5 0 0 ) ,  t h e  n e u t r a l  p y r o ly s i s  product o f  nimbic a c i d .  The
n u c le a r  m a g n e t ic  re so n a n c e  spectrum  o f  t h i s  compound shows an A B q u a r t e t
a r i s i n g  f rom  Hg and Hg c o n s i s t i n g  of a sharp  doub le t  (Hgj 1 :4 ,49 , 1H,
JAB = 7 C- P - S *) ^  a m ult ip  l e t  (1%; T 4 .2 0 )  a t t r i b u t a b l e  t o  c o u p lin g
w i th  EL, H ( t 7 .1 2 )  and t h e  v in y l  m ethyl group a t  C4 (t  7 .8 3 ) .  C10
5
i s  t h e r e f o r e  t e t r a s u b s t i t u t e d  and Cg t r i s u b s t i t u t e d .  The absence o f  th e
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k e to n ic  and c a rb o x y l  groups and th e  fo rm a t io n  of t h e  e n o l -S - la c to n e  suggest  
th e  k e to n e  and t h e  c a rb o x y l  group a re  s i t u a t e d  in  a n ^ ,  & r e l a t i o n s h i p  w i th  
r e s p e c t  t o  one a n o th e r  and th u s  r i n g  C must be c leaved  t o  p rov ide  th e  
c a rb o x y l  f u n c t i o n  f o r  e n o l - l a c t o n e  fo rm a t io n .
M ild  h y d r o l y s i s  o f  hexahydronim bin a f fo rd s  hexahydronimbic a c id .  An 
a t te m p t  was made t o  a c e t y l a t e  th e  a c id  which r e s u l t e d  i n  th e  fo rm a tio n  o f  
a n e u t r a l  e n o l - l a c t o n e ,  y - l a c to n e  ( C l l ) ,  C2g H32 Og, m .p . 252 -  254° ,
[ a ]  j) +13® , v 1650, 1768 ( y - l a c t o n e ) ,  1797 (eno l-6 - la c to n e  ) ,  formed
by th e  l a c t o n i s a t i o n  o f  t h e  two c a rboxy l  groups w ith  th e  en o l  o f  t h e  C-j_ 
ke tone  and w i t h  t h e  h y d ro x y l  formed by th e  h y d ro ly s i s  of t h e  .o r ig in a l  
a c e t a t e .  T h is  f i x e s  t h e  p o s i t i o n  o f  t h e  hydroxyl group y  'kb t h e  C4  
c a rb o x y l  group  a t  Cg. The n u c le a r  m agnetic  resonance  spectrum  of t h e  
d i l a c t o n e  6hows t h e  p r o to n  Hg t o  be a q u a r t e t  c e n tr e d  a t  t 5 . 4 4  which i s  
c o u p l in g  w i t h  Hg ( T 7 . 1 8 ,  1H, d o u b le t ,  <Jg_g = 12 c . p . s . )  and ( t 5 . 6 8 ,
1H, d o u b l e t ,  J g _ 7 r  3 c . p . s . )  n e i t h e r  H& nor Hy b e in g  o therw ise  co u p le d .
These o b s e r v a t io n s  d em o n s tra te  th e  c o n f ig u r a t io n  o f  th e  p ro to n s
a t t a c h e d  t o  Cc, C~, C ( a x i a l ,  a x i a l ,  e q u a t o r i a l )  and the  absence o f  
0 6 7
h ydrogen  atoms a t  Cg and and th e  l o c a t io n  o f  oxygen f u n c t io n s  a t  Cg 
( l a c t o n e )  and C7 ( e t h e r ) .  T h is  XAB system i s  c l e a r l y  p re s e n t  i n  s e v e r a l  
n im bin  d e r i v a t i v e s ;  t h e  X component appears  a t  rem arkably  low f i e l d  i n  
n im bin  ( x 6 . 3 4 ) where i t  i s  "h id d en ” by th e  carbom ethoxyl, and i n  th e  
d i e t h y l  e s t e r  ( t 6 . 3 ) ,  (0 1 2 ) ,  032 H^O 9 , m .p .  174 -  176°, [ a ] D t  106° 
p re p a re d  by e t h y l a t i o n  and a c e t y l a t i o n  o f  nimbic ac id  b u t  moves u p f i e l d  
( tj 7 .1 5 )  i n  py ron im b ic  ac id  and in  t h e  d e c arb o x y la te d  d e r i v a t i v e  (C9)
( ^  7 , 7 5 ) .
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F u r t h e r  s u p p o r t  f o r  th e  s t r u c t u r e s  o f  r in g s  A and B emerges from 
th e  h y d r o g e n a t io n  o f  hexahydronim bin  over Adam’ s c a t a l y s t  i n  a c e t i c  acid*: 
T h is  r e s u l t s  i n  t h e  f o r m a t io n  of  th e  f u l l y  s a tu r a te d  5 - la c to n e  (C13),
C29 H42 ° 8 '  m*P* 2 6 9  -  2 7 1 °> [ c ] D t  0 , v C C k  1755 ( 6- l a c t o n e ) ,  1738 
(ca rbom ethoxy l  and a c e t a t e )  whose fo rm a tio n  su p p o rts  th e  a c e t i c  ac id  
s id e - c h o in  a t  Cg i n  n im b in .  This a ls o  fo llow s  from th e  n u c le a r  m agnetic  
re so n a n c e  s p e c tru m  o f  t h e  1 ,6 -d io n e  (C14), m .p . 155 -  157°, [ c ] D -^139°, 
max( n u j o l ) 1680 (cA, ^ u n s a tu r a te d  k e to n e ) ,  1730 (cyclohexanone, c a rb o -  
m e th o x y ls ) cm“ ^ p re p a re d  by th e  o x id a t io n  of d e s a c e ty l  nimbin (C5) w i th  
chromium t r i o x i d e  i n  p y r i d i n e .  The n u c le a r  m agnetic  resonance  spectrum  
shows t h e  m u l t i p l e t  (2H) c e n t r e d  a t  t 6 . 8  from th e  C-^ m ethylene group 
c o l l a p s e s  t o  a narrow  band on i r r a d i a t i o n  of Hg 7 .6 2 ) .
Thus t h e  p o r t i o n  Cg4  Hgg Og (a l lo w in g  f o r  th e  ^ - s u b s t i t u t e d  f u r a n )
has  b e e n  a c c o u n te d  f o r  l e a v in g  th e  p o r t i o n  Cg which c o n ta in s  th e  
i s o l a t e d  d o u b le  bond s t i l l  t o  be a s s ig n e d .
O r i g i n a l l y ,  i t  was th o u g h t  t h a t  th e  o l e f i n i c  l inkage  i n  nim bin was 
t r i s u b s t i t u t e d  ( t 8 .3 3 ,  3H, d o u b l e t , , J  = 2 c . p . s . ,  v in y l  methyl* t 4 .4 2 ,  
1H, m u l t i p l e t ,  v i n y l  p r o t o n ) .  By s p in -d e c o u p l in g  experim en ts  o f  t h e  
hexahydro  d i l o c t o n e  ( C l l )  and pyronim bic ac id  (CIO) i t  was shown t h a t  th e
d o w n fie ld  p r o to n  ( t; 4 .4 2 )  was c o u p lin g  t o  th e  v in y l  m ethyl group ( t  8 .2 0 )
and w i t h  a m ethy lene  group ( t  7 .8 0 )  which in  t u r n  couples  w i th  a p ro to n  
a t  t 6 .2 0  w h ich  from  i t s  chem ica l  s h i f t  was th o ugh t  to  be t h e  p ro to n  on 
th e  c a rb o n  atom h a v in g  on oxygen ( e t h e r )  f u n c t io n  on i t .  T h is  lea d s  t o  
p o r t  s t r u c t u r e  (C15) w hich  i n  t u r n  su g g e s ts  fo rm ula  (C16) f o r  n im bin .
I t  i s  d i f f i c u l t  t o  d e r iv e  a b i o g e n e t i c  pathway f o r  t h i s  compound and
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a t te m p ts  w ere  made t o  p e rfo rm  chem ical r e a c t io n s  on th e  o l e f i n i c  l in k a g e .
The i s o l a t e d  double  bond i n  nimbin i s  h indered  as shown by th e  f a i l u r e  
/ h yof hex j/d ron im bm  e i t h e r  t o  osm ylate  or t o  r e a c t  w i th  d ib o ra n e .  The r e a c t i o n  
of d ib o ra n e  on n im b in  r e s u l t s  i n  a m ixture  o f  ac id s  (caused by the  a lk a l in e  
w ork -up)  w h ic h  on f u r t h e r  t r e a tm e n t  w i th  base  and r e - m e th y la t io n  a f f o r d s  
the  d i o l  (C 17) ,  m .p .  125 -  129° formed by th e  r e d u c t io n  o f  th e  enone 
sy s tem . T h is  i s  p roved  by th e  d isappea rance  of th e  <£, ft u n s a tu r a te d  k e to n ic  
group i n  t h e  i n f r a r e d  and by i t s  reappearance  on o x id a t io n .
W hile  our  work on t h e  ch e m is try  of nimbin was p ro ce e d in g ,  papers®’ ® 
by a g roup  a t  t h e  N a t io n a l  R esearch  L ab o ra to ry ,  Poona, appeared  which 
agreed  w i t h  t h e  p roposed  s t r u c t u r e  of r in g s  A and B bu t  sugges ted  t h a t  th e  
o l e f i n i c  l in k a g e  was t e t r a s u b s t i t u t e d  and t h a t  H-^ g ( t ; 4 , 4 2 )  was co u p lin g  
w i th  t h e  m e th y le n e  group a t  C- g^ (/£ 7 .8 0 ) ,  w i th  th e  v in y l  C2 g m ethyl group 
( 'E8.20) and w i t h  t h e  m eth ine  p ro to n  (<r 6 . 2 0 ) .  The l a s t  two are  
lo n g - ra n g e d  o r  h o m o a l ly l i c  c o u p l in g s .  Although th e  H15 p ro to n  i s  ve ry  
low, t h e  I n d i a n  w o rk e rs  gave analogous va lues  fo r  p ro tons  i n  s im i l a r  
env ironm ent s .
I n  t h e  l i g h t  o f  our more e x te n s iv e  n u c le a r  m agnetic  resonance  s tu d i e s  
w i th  S a ln n n in  (see  p a r t  I I I )  i n  which th e  molecule® fragment under 
d i s c u s s i o n  a l s o  f e a t u r e s ,  we concur w i th  the  co n c lu s io n s  reach ed  by th e  
I n d ia n  g ro u p ,  so f a r  as t h i s  p o r t i o n  o f  th e  m olecu la r  i s  concerned .
Thus n im b in  has  t h e  s t r u c t u r e  (C l)  i n  which th e  on ly  u n c e r t a i n t y  i s  
t h e  c o n f i g u r a t i o n  a t  C4 . The In d ia n  w orkers  su g g e s te d 9 t h a t  th e  c a rb o ­
m ethoxyl group  i s  a x i a l ,  {3, on th e  grounds t h a t  th e  m ethyl group a t  C4 
i s  d e s h i e l d e d  by th e  h y d roxy l  group i n  d e s a c e ty l  nimbin which would
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r e q u i r e  a 1*3 d i e q u a t o r i a l  d i s p o s i t i o n  o f  th e  two g roups. We p re fe n  th e  
carbom ethoxy l gfoup t o  be c ( e q u a t o r i a l )  s in ce  in  the  easy  fo rm a tio n  o f  
th e  e n o l - l a c t o n e - Y - l a c t o n e  ( C l l )  a c i s  y - l r c t o n e  i s  p roduced . This  i s  
confirm ed  i n  t h e  s i m i l a r l y  c o n s t i t u t e d  s a la n n in  (p a r t  I I I )  where rea so n s  a r  
are  g iv e n  f o r  a c i s - f u s e d  e t h e r  r i n g .
D u r in g  th e  c o u rs e  o f  t h e  i n v e s t i g a t i o n s  in to  th e  chem is try  of nim bin, 
two r e a c t i o n  p r o d u c t s  were o b ta in e d  t o  which no s t r u c tu r e  can rea so n a b ly  
be a s s ig n e d  on t h e !^ a v a i la b le  chem ical ev id e n c e .
T re a tm e n t  o f  d e s a c e t y l  nim bin (C5) w i th  phosphorous o x y c h lo r id e ,  
r e s u l t e d  i n  t h e  fo rm a t io n  o f  an  a c id  whose de rived  methyl e s t e r ,  m .p .
202 -  2 0 5 ° ,  showed a b s o r p t io n s  i n  t h e  i n f r a r e d  a t  1687, 1740 cm“^ which 
s u g g e s t s  t h a t  the< A , p u n s a t u r a t e d  ketone group i s  s t i l l  p r e s e n t .  The 
n u c le a r  m a g n e t ic  re so n a n c e  spec trum  confirm s t h i s  s ince  t h e  v in y l  p ro to n s  
form t h e  t y p i c a l  A B q u a r t e t  ( t 3 .60 ,t; 4 .1 1 ;  * 10 c . p . s . ) .  Also shown
are  two q u a t e r n a r y  m ethy l groups (t  8 .7 4 ,  8 .6 6 ,  3H each ,  s i n g l e t s ) ,  one 
v i n y l  m e th y l  ( T 8 .4 8 ,  3H, d o u b l e t ,  J  = 1 .5  c . p . s . )  and t h r e e  carbom ethoxyl 
g roups ( t; 6 . 3 6 ,  3H, s i n g l e t ;  t 6 .3 0 ,  6H, s i n g l e t ) .  This su g g es ts  th e  
l o s s  o f  a q u a t e r n a r y  m ethy l group b u t  more secu re  assignm ents  w i l l  have 
to  a w a i t  t h e  u se  o f  n u c le a r  m agnetic  resonance  spec tro scopy  a t  100 Mc/s
and doub le  i r r a d i a t i o n .
The second  u n a s s ig n e d  p ro d u c t  a r i s e s  from th e  t r e a tm e n t  o f  hexahydro-  
n im bin  w i t h  (3-naphthalene su lp h o n ic  a c id .  T h is  r e s u l t s  i n  th e  fo rm a t io n  
o f  a d i e n e ,  m .p .  265 -  267° ,  (XmQX 298 m^). The compound ana lysed  f o r  
C29 H36 °7  w h ich  was confirm ed  by mass sp ec tro m e try  (mol. w t . 4 9 6 .2 4 6 1 ) .  
Thus t h e  compound i s  formed by th e  e l im in a t io n  o f  th e  e lem ents  o f  m ethanol
-85-
and w a te r  t o  form a l a c to n e  v CC14 1662, 1717, 1732, 1751, 1797 cm"1 . Themax ' '
n u c le a r  m a g n e t ic  re so n a n c e  spectrum  shows only  one carbomethoxyl a t  t 6.62 
and m ethy l  g roups  a t  7 :8 .71  (3H, s i n g l e t ) ,  7:8.54 (6H, s i n g l e t ) ,  T 7 .9 8
and 7 :7 .8 8 .  That t h e  compound i s  a l a c to n e  was confirm ed by th e  h y d ro ly s i s
o f  t h e  d ie n e  and r e m e t h y l a t i o n .  The i n f r a - r e d  o f  th e  h y d ro ly s i s  p roduct 
showed t h e  d i s a p p e a r a n c e  o f  t h e  1797 cm"1 bund and th e  n u c le a r  m agnetic  
re so n a n c e  s p e c t ru m  con firm ed  th e  p resence  o f  two carbom ethoxyls ( t 6 .48 , 
T 6 .2 9 .  3H, s i n g l e t s ) .  The mode o f  fo rm a t io n  o f  th e  d iene  i s  u n c e r t a i n  
and w i l l  have  t o  a w a i t  t h e  r e s u l t s  o f  f u r t h e r  chemical work*
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I s o la t io n  of Nimbin and Selannin
N im -o i l  ( l  K g .)  was d i s s o lv e d  i n  b e n z e n e - p e t r o l  ( l ;  3 )  ( 1 l i t r e )  and
chrom atog raphed  over  a lum ina  (3 Kgs d e a c t i v a t e d  w i t h  240 ml o f  10#
a c e t i c  a c id  i n  w a t e r .  The column was washed w i t h  p e t r o l  (4 l i t r e s )  w hich  
e l u t e d  f a t s  and t h e n  e t h e r - p e t r o l  ( l :  9 - 9 :  l )  t o  a f f o f d  n im bin  (540 m gs).
The r e s i d u e  o b ta in e d  by rem oval o f  s o lv e n t  from  t h e  m other l i q u o r s  (170 gms )
was rech ro m a to g ra p h e d  on Spence a lum ina  (3 K g s .)  d e a c t iv a t e d  as a bove .
The column was e l u t e d  w i t h  p e t r o l ,  e t h e r - p e t r o l  (1 :  9 )  and f i n a l l y  by 
g r a d i e n t  e l u t i o n  e t h e r  (3 l i t r e s )  i n t o  e t h e r - p e t r o l  ( l*  5 )  (3 l i t r e s )  •
The c r y s t a l l i s a t i o n  o f  t h e  e a r l i e r  f r a c t i o n s  from  m ethano l  a f f o r d e d
p
n im b in  (1 .9  gms) m .p .  201 -  204° ( r e p o r te d  205° ) v ^ ^ .4  1739 ( c a rb o -
m ethoxy ls  and a c e t a t e )  1688 (</L, p u n s a tu r a t e d  k e to n e )  cm“ ^ .
C r y s t a l l i s a t i o n  o f  t h e  l a t e r  f r a c t i o n s  from  e t h y l  a c e t a t e - p e t r o l
a f f o r d e d  s a l a n n i n  (9 .45  gms) m .p .  167 -  170° , +■ 167° (C 1 .2  i n
CC1
c h lo ro fo rm )  v max^ 1710 ( t i g l a t e  e s t e r ) ,  1743 ( a c e t a t e  and c a rb o m eth o x y l)
cm- 1 . (Pound C, 6 8 .4 8 ;  H, 7 .5 1 .  C _  H ..  0 n r e q u i r e s  C, 6 8 .4 4 ;  H, 7 .4 3 # ) .
0 4  4 4  9
H exahydronim bin  (C4)
A s o l u t i o n  o f  n im bin  (520 mgs) i n  e t h y l  a c e t a t e  (20 m l)  was shaken  
i n  an  a tm osphere  o f  hyd rogen  i n  t h e  p re se n c e  o f  10# p a l l a d iu m - c h a r c o a l  
(315 mgs) f o r  12 hou rs  a t  a tm o sp h e r ic  p r e s s u r e .  The u p ta k e  o f  hydrogen  
was 69 m l.  The s o l u t i o n  was f i l t e r e d  and th e  s o lv e n t  removed i n  vacuo
to  a f f o r d  h e x a h y d ro n im b in  (C4) (510 mgs) which was c r y s t a l l i s e d  from 
e th y l  a c e t a t e - p e t r o l  (550 m gs), m .p .  202 -  206® X ^  213 nyu... (64 ,900)
H y d ro ly s is  o f  Nimbin
Nimbin (485 mgs) was h y d ro ly se d  w i th  10% po tass ium  hydroxide  i n  
90% aqueous m e th a n o l  (5 m l)  a t  room tem p era tu re  f o r  2 h o u r s .  The 
s o l u t i o n  was a c i d i f i e d  w i th  6N h y d ro c h lo r ic  ac id  and th e  c r y s t a l l i n e  
nimbic a c id  (380 m gs) ,  m .p .  149 -  152° whs f i l t e r e d .  The mother l iq u o r s  
were e x t r a c t e d  w i t h  e t h y l  a c e t a t e  t o  a f fo rd  a f u r t h e r  crop o f  nimbic 
a c id  (90 m gs) .
D e s a c e ty l  Nimbin (C5)
*
Nimbic a c id  (20 mgs) was d i s s o lv e d  i n  m ethanol and an excess  o f  
e t h e r e a l  d iazom ethane  added . The removal o f  so lv e n t  a f fo rd e d  d e s a c e ty l  
n im bin  (18 m g s) ,  m .p .  206 -  210° (from  e th y l  a c e t a t e - p e t r o l )  y ^ ^ 4  
1687 (</-, p  u n s a t u r a t e d  k e to n e ) ,  1743 (ca rbom ethoxy ls ) cm“^ .
D ie th y l  Nimbin (C12)
Nimbic a c id  (138 mgs) was d i s s o lv e d  i n  e th a n o l ,  an e x c ess  o f  e t h e r e a l  
d ia z o e th a n e  added and s o l u t i o n  l e f t  a t  room tem p era tu re  f o r  12 hours*
The rem ova l  o f  s o lv e n t  gave a gum which was a c e ty la t e d  w i th  a c e t i c  
a n hyd ride  (2 m l)  i n  p y r id in e  (2 m l)  f o r  t h r e e  hours a t  95°• The removal 
o f  s o lv e n t  gave a gum w hich  was chrom atographed on Grade IV ac id  alumina*
Benzene e l u t e d  m a t e r i e l  (120 mgs) w hich c r y s t a l l i s e d  from e th y l  a c e t a t e -  
p e t r o l  t o  a f f o r d  d i e t h y l  n im bin  (C12 ) (70 mgs), m .p .  174 -  176°* [ c ] D 
-)-106° (C, 1 .2  i n  c h lo r o f o r m ) .  (Found C ,„67 .8 2 ;  H, 7 .5 4 ,  C32 H4Q 0 9 
r e q u i r e s  C, 6 7 .5 9 ;  H, 7 .0 9 $ ) .
O x id a t io n  o f  D e s a c e ty l  Nimbin
To a s o l u t i o n  o f  d e s a c e ty l  nim bin (80 mgs) i n  p y r id in e  (2 ml) was 
added a s o l u t i o n  o f  chromium t r i o x i d e  (200 mgs) i n  p y r id in e  (4 m l) .
A f t e r  two h o u r s ,  m e thano l  (0 .5  m l)  was added and th e  m ix ture  was worked- 
up i n  th e  u s u a l  way t o  a f f o r d  a ye llow  o i l  which was chromatographed over 
Grade IV a c id  a lum ina  (3 .5  gms). Benzene e l u t e d ,  f i r s t ,  a c o lo u r l e s s  
11 j s l l y "  (20 mgs) w h ich  was n o t  f u r t h e r  i n v e s t ig a t e d  and f i n a l l y  th e  
c r y s t a l l i n e  1 ,6  d ione  (C14) (35 m gs), m .p . 154 -  157° (from e th y l  
a c e t a t e - p e t r o l ) ,  [ o l p  + 1 3 9 °  (C 1 .4  i n  c h lo ro fo rm ) .v  max ( n u jo l )  1680 
(A, u n s a t u r a t e d  k e to n e ) ,  1730 (cyc lohexanone , c a r  borne thoxy I s  ) cm“^ .
(Found C, 6 7 .7 0 ;  H, 6 . 7 9 .  C2g H32 0g r e q u i r e s  C, 67 .73 ; H, 6 .5 0 $ ) .
D e c a rb o x y la t io n  o f  Nimbic Acid
Nimbin (1 g )  i n  5 $  m e th a n o lic  p o tass ium  hydroxide  s o lu t i o n  (50 m l)  
was r e f l u x e d  u n d e r  n i t r o g e n  f o r  one h o u r .  The u su a l  work—up a f fo rd e d  
a y e l lo w  gum (910 mgs) w hich was d i s s o lv e d  i n  m ethanol and m eth y la te d  
w i th  an e x c e s s  o f  d iaz o m eth a n e . The m ix ture  of  e s t e r s  was chromatographed 
on Grade I I I  a c id  a lu m in a .  The column was e lu t e d  w i th  p e tro l -b e n z e n e  
( l :  l )  and t h e n  by g r a d i e n t  e l u t i o n  e th e r  (2 l i t r e s )  in to  e t h e r - p e t r o l
- o p -
(Is  19, 1 .5  l i t r e s )  , 50 ml f r a c t i o n s  b e in g  taken*  The f r a c t i o n s  
27 -  29 c o n ta i n e d  e s t e r  A (C6) (57 m gs), m .p . 138 -  1.420 ( f ^  e t h e r -  
p e t r o l ) ,  v mQX ( n u j o l )  3500 (h y d ro x y l) ,  1735 (carbom ethoxyl) ,  1710 
(cyc lohexanone  ) cm“ ^ .
The f r a c t i o n s  53 -  35 c o n ta in e d  e s t e r  B (C7) (72 mgs), m .p .  153 -  155° 
(from e t h e r - p e t r o l ) ,  v max ( n u jo l )  3500 (h y d ro x y l) ,  1740 (carbom ethoxyl) ,  
1690 (<^,p u n s a t u r a t e d  k e to n e )  cm**^.
The c r y s t a l l i s a t i o n  o f  f r a c t i o n  36 from e t h e r - p e t r o l  a f fo rd ed  
e s t e r  C (C 7) m .p .  148 -  153° ,  v max ( n u jo l )  3500 (hyd ro x y l) ,  1740 
( c a rb o m e th o x y l) ,  1690 (</L, p, u n s a tu r a te d  ke tone )  cm”^ .
A c e ta te  o f  E s t e r  B
E s t e r  B (72 mgs) was d i s s o lv e d  in  p y r id in e  (1 m l) ,  a c e t i c  anhydride 
(1 m l)  added and th e  s o l u t i o n  was h e a te d  under n i t r o g e n  on th e  s team - 
b a th  f o r  1 .5  h o u r s .  The rem oval o f  s o lv e n t  a ffo rd ed  a gum which was 
ch rom atographed  on Grade IV a c id  a lum ina . Benzene e lu t e d  th e  a c e t a te  
of e s t e r  B w h ic h  on c r y s t a l l i s a t i o n  from c h lo ro fo rm -p e t ro l  had m .p .
178 -  180° ( w i th  p re v io u s  s u b l im a t io n  a t  165-8°) (57 mgs),jc.”]jj t  178°
(C, 2 . 0  i n  c h lo r o f o r m ) .  (Found C, 69 .74- H, 7 .2 6 .  C28 H34 07 r e q u i r e s  
C, 6 9 .6 9 ;  H, 7 . 1 0 # ) .
Pyronim bic Acid (CIO)
C r y s t a l l i n e  n im bic  a c id  (72 mgs) was sublimed a t  200 and 2 m.m. 
p r e s s u r e .  The sub lim ed  m a t e r i a l  was r e c r y s t a l l i s e d  from methanol
to  a f f o r d  p y ro n im b ic  a c id  (CIO), (37 m es) .  m .o . 2.5 2 - 3 0  ,, CHC13 1747  --------------------------  v max
( e n o l - $ - l a c t o n e  ) cm” 1 . X  mGX 280 nyu(G, 9 ,500) .
P r e p a r a t i o n  o f  H exahydronim bin  D i la c to n e  ( C l l )
H exahydron im bin  (200 mgs) was h y d ro ly sed  w i th  10# m ethano lic  
p o ta s s iu m  h y d r o x id e  a t  room te m p e ra tu re  f o r  5 h o u r s .  The s o lu t io n  was 
a c i d i f i e d  w i t h  6N h y d r o c h l o r i c  a c id  and e x t r a c t e d  w i th  e th y l  a ce ta te , .
The rem ova l  o f  s o lv e n t  a f f o r d e d  a gum (195 mgs) which was t r e a t e d  w ith  
a c e t i c  a n h y d r i d e - p y r id i n e  (3? 4 .5  m l)  f o r  two hours  a t  110°. The 
rem oval o f  s o l v e n t  gave a gum w hich  was chromatographed on Grade IV 
a c id  a lu m in a .  B e n z e n e -c h lo ro fo rm  ( l :  l )  e lu te d  a yellow  gum (130 mgs) 
which c r y s t a l l i s e d  from  e t h y l  a c e t a t e  t o  give th e  hexahydronimbin 
d i l a c t o n e  ( C l l )  105 mgs) m .p . 252 -  254°, [ a ] D + 13° (C, 1*4 in  
c h lo r o f o r m ) ,  v ^ J . 4  1797 (eno 1 - 6 - l a c t o n e ), 1768 (Y-l&ctone) cm"1 .
I T l c l  j t
(Found C, 7 0 .6 6 ;  H, 7 .7 4 .  Cgg Hg2 0g r e q u i r e s  C, 70.89; H, 7 .3 2 # ) .
H y d ro g e n a tio n  o f  Hexahydronim bin
H exahydron im bin  (155 mgs) was d is s o lv e d  in  a c e t i c  ac id  (20 m l) ,  
Adam1 s c a t a l y s t  (360 m gs) added and t h e  s o lu t i o n  shaken i n  an atmosphere 
o f  h y d ro g en  a t  a tm o sp h e r ic  p r e s s u r e  f o r  16 hours  a t  room te m p e ra tu re ^  
The s o l u t i o n  was f i l t e r e d  and th e  s o lv e n t  removed in  vacuo t o  give th e  
f u l l y  s a t u r a t e d  l a c to n e  (C13), m .p .  269 -  271° (from e th y l  a c e t a t o -  
e t h e r )  v {Jax4 1755 ( 6 - l a c t o n e ) ,  1738 (carbomethoxyl and a c e t a t e )  cm"1 . 
(Found C, 6 6 .8 0 ;  H, 8 .3 6 .  C29 H42 Og r e q u i r e s  C, 67 .16 ; H, 8 .1 6 # ) .
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Reaction of Diborane on Nimbin
P i b o r a n e ,  g e n e r a te d  from  t h e  a d d i t i o n  o f  a s o lu t io n  of sodium 
bo rohyd ride  (254 mgs) i n  diglyme (5 m l)  t o  a s o lu t io n  o f  boron- 
t r i f l u o r i d e  e t h e r a t e  (2 .2  m l)  i n  diglyme (3 ml) was passed in to  th e  
r e a c t i o n  f l a s k  c o n t a i n i n g  n im bin  (255 mgs) i n  dry  t e t r a h y d r o f u r a n  (10 ml) 
in  an a tm o sp h e re  of  n i t r o g e n  a t  0 -  1°C. The r e a c t i o n  m ixture  was 
s t i r r e d  f o r  2 h o u r s  a t  room te m p e r a tu r e .  To th e  m ixture  was added 
m ethanol (2  m l ) ,  1 0$  aqueous sodium hydroxide (2 ml) and 30$ hydrogen 
p e ro x id e  (2 m l)  and s t i r r e d  f o r  2 h o u r s .  The a lk a l in e  s o lu t io n  was 
a c i d i f i e d  w i t h  d i l u t e  h y d r o c h lo r i c  ac id  and worked-up i n  the  u s u a l  
way t o  a f f o r d  an  a c id  w hich  was t r e a t e d  w i th  diazom ethane. 
C r y s t a l l i s a t i o n  f ro m  e t h e r - p e t r o l  gave th e  d i o l  (C17) (180 mgs), 
m.p. 125 -  1 2 9 ° .  O x id a t io n  o f  t h e  d i o l  in  th e  u s u a l  manner a ffo rd ed  
th e  1 ,6  d io n e  (C14) ( i d e n t i c a l  I . R . ) .
The R e a c t io n  o f  Phosphorous O xychloride  on D esace ty l  Nimbin
D e s a c e ty l  n im b in  (57 mgs) was d i s s o lv e d  i n  p y r id in e  (5 m l) t o  
which r e d i s t i l l e d  phosphorous oxych lo r ide  (0.5 ml) was added in  th e  
co ld  and t h e  m ix tu r e  was k ep t  a t  0° fo r  1 h o u r .  The s o lu t io n  was 
poured i n t o  c o ld  sodium b ic a r b o n a te  s o lu t i o n  and e x t r a c t e d  w i th  
c h lo ro fo rm .  The b i c a r b o n a t e  s o l u t i o n  was a c i d i f i e d  w i th  d i l u t e  
h y d r o c h lo r i c  a c i d  and e x t r a c t e d  w i th  e t h y l  a c e ta te  which on 
e v a p o r a t io n  a f f o r d e d  a c i d i c  m a t e r i a l  (35 m gs). The a c id i c  m a te r i a l  
was m e th y la te d  w i t h  d iazom ethane  to  a f f o r d  c r y s t a l l i n e  t r i m e t h y l e s t e r
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(29 m gs) ,  m .p .  202 -  205° (from e th y l  a c e t a t e - p e t r o l ) ,  v { ^ 4  1687,
1740 cm”1 . (Found C, 5 9 .3 2 ;  H, 6 .3 4 $ ) .
Hexahydronim bin D ie n e .
[3- n a p h th a  1 ene s u lp h o n ic  a c id  (15 mgs) i n  "Anal a r 11 benzene was
h e a te d  i n  a  Dean and S t a r k  a p p a ra tu s  f o r  15 m ins. The s o lu t io n  was
allow ed t o  c o o l ,  hexahyd ron im b in  (6 0  mgs) added and s o lu t io n  re f lu x e d
in  t h e  d a r k  f o r  3 h o u r s .  The r e a c t i o n  m ix ture  was f i l t e r e d ,  benzene
removed and t h e  p ro d u c t  s e p a r a te d  on a p r e p a r a t iv e  ch rom atop la te ,
c h lo ro fo rm  b e in g  u se d  as  s o l v e n t .  Hexahydronimbin diene (33 mgs)
c r y s t a l l i s e d  f rom  e t h y l  a c e t a t e - p e t r o l .  m .p. 265 -  267°, X max 298 myu. 
c n
V 1662 * 1717* 1732 * 1751> 1797« (Found C, 70.42; H, 7 .4 8 .
Cgg H^g Oy r e q u i r e s  C, 70 .14 ;  H, 7 .3 1 $ ) .
H y d ro ly s i s  o f  Hexahydronim bin  Diene
Hexo.hydronimbin d ien e  (25 mgs) was hydro lysed  w i th  10$  m ethanolic  
p o ta s s iu m  h y d ro x id e  a t  room te m p e ra tu re  f o r  2 h o u rs .  The u su a l  work-up 
a f fo rd e d  an a c id  w h ic h  was m eth y la te d  w i th  diazomethane t o  a f fo rd  
c r y s t a l l i n e  m a t e r i a l  (17 m gs) ,  m .p .  189 -  191°, + 8 1 °  (C, 2 .2  i n
ch lo ro fo rm ), V 290 „ c c l 4 3572, 1746, 1719, 1663 cm- 1 . (Found
'  max v max
C, 6 7 ,7 5 ;  H, 7 . 7 9 .  C3Q H ^  0g r e q u i r e s  C, 68 .16 ; H, 7 . 6 *$).
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PART III
THE CONSTITUTION AND STEREOCHEMISTRY OF SALANNIN
The C o n s t itu t io n  and S tereoch em istry  o f S a lan n in .1
During th e  i s o la t io n  of nimbin from nim o i l ,  the seed o il  of Melia 
azad iraoh ta , a new re la te d  "m odified tr i te rp e n e "  was obtained, which has 
been c a lle d  sa la n n in  and fo r  which the c o n s titu tio n  and stereochem istry 
(Dl) i s  proposed on th e  fo llow ing  b a s is .
S alann in  m .p. 167 -  1 7 0 ° , [ o ]  + 167°, analysed fo r H44 0g. I ts
nuclear m agnetic resonance spectrum  showed the  presence of th ree quaternary 
methyl groups ( T 9 .0 , 8 .7 7 , and 8 .68; 3H each, s in g le ts )  and one vinyl 
methyl group ( ^ 8 ,3 1 ;  3H, d o u b le t, J  * 1.6 o .p .s * ) , one car borne th o iy l 
group (T 6 .7 2 ;  3H, s in g le t ) ,  one ace ta te  group ( T8.02; 3H, s in g le t) ,  
one t i g l a t e  e s te r  ( T 3 .0 ;  1H, m u ltip le t and t  8 .0  -  8.26; 6H, o h a ra c te r ia tif  
m u ltip le ts  a t  100 M c/s), and one ^ -su b s titu te d  furan rin g  (*T2.7; 2H, 
m u ltip le t and T 3 .6 7 ;  1H, d if fu se  s in g le t ) .  ^
In  th e  in f r a r e d , sa lan n in  showed absorptions in  carbon te tra ch lo rid e  
so lu tio n  a t  1710 ( 6  480, t i g l a t e  e s te r ) ,  1743 ( 61,045 aceta te  and methyl 
e s te r )  and 1653 (o le f in io  lin k ag e ) cm"1. Salannin does not contain  a 
hydroxyl group (absence o f in fra red  bands above 3000 cm"1) or a ketone 
or aldehyde fu n c tio n  (q u a n tita tiv e  evalua tion  of the carbonyl absorptions 
in  the in f r a r e d ) so th a t  th e  two remaining oxygen atoms are probably 
p resen t as e th e r s .
A lkaline  h y d ro ly s is  of sa lann in  lead s , a f te r  m ethylation, to  a 
mixture o f two compounds, a hy d ro x y -tig la te  (D3), C^g H4g Og, m.p.
213 -  216°,[a] D + 137°, V ^ 4  3600 (free  hydroxyl), 1742 (methyl 
e s te r )  and 1717 ( t i g la t e  e s t e r )  cm"1 in  which only the ace ta te  function
has been  h y d r o ly s e d  and a d i o l  (D2), C2? H3g 0 ? ,  m .p. 201 -  205°, [ a ]  f  135°
v ^ 1 4 3465 (bonded h y d r o x y l ) ,  1718 (bonded methyl e s t e r )  cm"1 in  which
both  th e  t i g l a t e  e s t e r  and th e  a c e t a t e  group have been hydrolysed.. Prolonged
tre a tm e n t  o f  t h e  d i o l  (D2) w i th  a c e t i c  anhydride -  p y r id in e  r e s u l t s  in  th e
d i a c e t a t e  (D4) C31 H4Q 0 g , m .p .  230 -  2 3 4 ° ,[ c ]  D + 126°, V ^ 4  1743 ( a c e ta te
and m eth y l  e s t e r )  c u r 1 .
The common b o t a n i c a l  sou rce  and th e  s i m i l a r i t y  o f  s e v e ra l  fu n c t io n a l
groups s u g g e s te d  a c lo s e  s t r u c t u r a l  r e l a t i o n s h i p  between nimbin end s e la n n in .
In  p a r t i c u l a r ,  two f e a t u r e s  p re s e n t  i n  nimbin could e a s i l y  be d isce rned
in  th e  100 M c/s n u c l e a r  m agne tic  resonance  spectrum  ( F ig .  I )  o f  s a la n n in
d i a c e t a t e  (D 4). F i r s t ,  t h e  s t r u c t u r e  of r in g s  C and D were f u l l y  supported
os f o l l o w s :  i s  coup led  e q u a l l y  w i th  th e  two p ro tons  of the  methylene
group a t  C16 ( J ^ 5 = 7 c . p . s . ) ,  w i th  th e  v in y l  (C26) methyl group
(J ig  26 = 2 c . p . s . )  and w i th  th e  m ethine p ro to n  Bq7 (Jx5,17 = C»P»S*)*
2The l a s t  two a re  homo a H y l i c  c o u p lin g s  .
T h is  f o l l o w s  from  t h e  o b s e rv a t io n s  t h a t  a d i f f u s e  m u l t ip le t
c e n tr e d  a t  T 4 . 5 1  ('t 4 .4 2  i n  n im bin )  s im p l i f i e s  to  a t r i p l e t  of doub le ts  
upon i r r a d i a t i o n  a t  t h e  Cgg v i n y l  m ethyl group a t  T 8.35 ( T 8 . 4  in  n im b in ) .  
Removal o f  t h e  m ajo r  (j-^g 4g 7 c . p . s . ;  H ^ g  9 20 ; H ^ g * 140 )
c o u p l in g  by i r r a d i a t i o n  a t  T 7 .8 2  (C-^g m ethy lene)  l e f t  H-^ g as a very
narrow ly  spaced  q u a r t e t •
Second , t h e  Cc -  CR -  C7 ca rbon  c h a in  resem bles t h a t  o f  nimbin in  
'  5 o f
th e  f o l l o w i n g  m anner .  The p r o to n  Hg (a q u a r t e t  cen tred  a t  1:6 .0) i s  
c o u p le d ,  as  i n  n im b in ,  t o  two n e ig h b o u rs :  Hg (t  7 .22 , ^5 .6  " 1^ C#P*S*)
and H? ( t  5 . 8 2 ,  J 6 „ 7 « 3 c . p . s . )  n e i t h e r  Hg nor H? be ing  o therw ise  coup led .
These ob servation s demonstrate the configurations of the protons attached
to C5 , Cg, C^ ( a x i a l ,  a x i a l ,  e q u a t o r i a l )  and th e  absence of hydrogen atoms
at Cg and and the lo c a tio n  of ether oxygen atoms at Cg and C ,^
The second e t h e r  r i n g ,  ( t h a t  n o t  p r e s e n t  i n  nimbin) would te rm ina te
most p ro b a b ly  a t  C2 3 • In  f a c t ,  th e  Cgg m ethylene group g ives r i s e  to  a
AB q u a r t e t  ( t 6 .2 5 ,  6 . 4 2 ,  2H, J  = 8 .5  c . p . s . )  a t  th e  expected p o s i t io n .
The A b r a n c h  ( t  6 . 2 5 )  has  a sm a ll  ( l e s s  th a n  1 c . p . s . )  4J coup ling 3 w ith
the m ethy l  g roup  a t  Cg ( t 8 .7 8 ) .
On t h e  a s su m p t io n  t h a t  r i n g  C i s  c leaved  as in  nimbin to  genera te
an a c e t a t e  s id e  c h a in  a t t a c h e d  a t  Cg [ ( t  7.30 couples w i th  one p ro ton
(t  7 .8 2 )  a t  C-q J#  t h e  two e s t e r  fu n c t io n s  ( a c e ta te  and t i g l a t e )  must be
lo ca ted  b e tw een  C-^  and C^ i n  s a l a n n i n .  They cannot be on ad jacen t  carbon
atoms s in c e  t h e  ^ p r o to n s  a re  no t  c o u p lin g  w i th  each o th e r  but couple
i n d i v i d u a l l y  w i t h  an i n te r m e d ia t e  m ethylene group a t  Cp {% 7 .56 , Jav =
c 2
Jgy = 3 c . p . s . ) .  The t i g l a t e  must be a t  C^ and th e  a c e ta te  group at 
2
Cg, r a t h e r  t h a n  th e  r e v e r s e ,  f o r  th e  fo l lo w in g  re a s o n .  The methyl e s t e r
CH3 r e s o n a n c e s  a re  a b n o rm a lly  h ig h  i n  s a la n n in  D1 (1 :6 .7 2 )  and the
h y d r o x y - t i g l a t e  D3 ( t 6 .7 8 )  b u t  normal (t; 6 .4 0 )  i n  th e  d i o l  D2, suggesting
the  t i g l a t e  f u n c t i o n  s h i e l d s  t h e  m ethyl e s t e r  p ro tons  and must th e r e fo r e
be a t  C1 . I n  t h e  d i a c e t a t e  t h e  CH3 resonance  i s  a ga in  abnormally h igh
( ^ 6 . 6 8 ) s u g g e s t i n g  i t  i s  t h e  ca rb o n y l  group and not th e  o l e f i n i c  l inkage
of t h e  t i g l a t e  w h ic h  i s  s h i e l d i n g  th e  m ethyl e s t e r  p ro to n s .
C o n f i rm a t io n  comes from  i )  th e  f a c t  t h a t  th e  methyl e s t e r  carbonyl
CC1
group i s  unbonded i n  d i l u t e  s o l u t i o n  i n  th e  h y d r o x y - t i g l a t e  (D3)v max4 
1742 cm -l b u t  i s  hydrogen-bonded  i n  th e  d i o l  (D2), v ^ax4 cm
-1 0 0 -
i i )  t h e  p r e f e r e n t i a l  h y d r o ly s i s  of t h e  l e s s  h indered  a c e ta te  a t  C .
3
Thus, t h e  s t r u c t u r e  D1 f o r  s a la n n in  has been derived  and th e re
on ly  rem a in s  f o r  d i s c u s s i o n  th e  c o n f ig u r a t io n  a t  C„, C C and C
4 1 3 '  15 *
The C4  s t e r e o c h e m is t r y  can be such as t o  produce a. c i s -  or a t r a n s ­
fu se d  e t h e r  r i n g  w i t h  t h e a  -  ( e q u a t o r i a l )  hydroxyl a t  C6 , corresponding 
r e s p e c t i v e l y  t o  t h e  o x i d a t i o n  of t h e  e q u a to r i a l  or a x ia l  methyl group of 
th e  g em -d im e th y ls  o f  C4 . A c i s - f u s e d  e th e r  r in g  i s  p r e f e r r e d  f o r  the  
f o l lo w in g  r e a s o n s .  The d i o l  D2 i s  o x id ise d  to  a k e to l  (D5) Cg7 Hg4  0? , 
m .p . 253 -  2 5 5 ° , p t  160° , v 1719 (hydrogen bonded methyl e s t e r
and c y c lo h e j ia n o n e ) cm“ l ,  formed by o x id a t io n  of only  th e  Cg hydroxyl 
g roup . Com parison  o f  t h e  m ethy l group resonances  of  t h i s  hydroxy-ketone 
w i th  t h e s e  i n  t h e  d i o l  (D2) shows t h a t  th e  newly in troduced  carbonyl 
group e x e r t s  a marked d e s h i e l d in g  e f f e c t  on the  C^g and methyl 
g ro u p s .  A t r a n s - f u s e d  Cg -  C^g e th e r  r in g  would impose a q u a s i-b o a t  
c o n fo rm a t io n  on r i n g  A. I n  t h e  most s t a b l e  form of t h i s  (Dreiding 
m odel) t h e  Cg4  m e th y l  group would be s t r o n g ly  sh ie ld e d ^  by th e  Cg carbonyl 
group , c o n t r a r y  t o  th e  o b s e r v a t io n s .  With a c i s - fu se d  e th e r  r i n g ,  the  
Cg4  m e th y l  group  i s  i n  th e  p lane  o f  th e  Cg carbonyl group and th e r e f o r e  
n e g a t i v e l y  s h i e l d e d ,  as o b s e rv e d .  On t h i s  b a s i s ,  and consequen tly  
a s su m p tio n  o f  a c h a i r  r i n g  A, t h e  e s t e r  f u n c t io n s  a t  C^ &&d Cg must
\5b o th  be a x i a l  t o  a c co u n t  f o r  t h e  sm all  coup ling  c o n s ta n ts  ( 7 c . p . s . )
of  th e  Cx and C3 p r o to n  m u l t i p l e t s  i n  th e  n u c le a r  magnetic resonance 
spec trum  o f  t h e  d i a c e t a t e  D4 ( f i g .  I ) .
The C^g c o n f i g u r a t i o n  can  be i n f e r r e d  from th e  Cgg methyl group 
reso n an ce  i n  s a l a n n i n  and i t s  d e r i v a t i v e s .  This i s  c o n s i s t e n t l y  th e  most
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d e sh ie ld e d  ( t 8 . 6 2  -  8 * 72, t a b l e  I )  of th e  qua te rna ry  methyl groups
and must owe i t s  l a r g e  p a ra m ag n e t ic  s h i f t  to  the  i s o l a te d  C17 -  Clb 14
0
t e t r a s u b s t i t u t e d  d o u b le -b o n d .  The optimum geometry f o r  such a la rge  
s h i f t  (m ethyl group i n  p la n e  o f  o l e f i n i c  double bond) r e s u l t s  when the  
Clg  hydrogen  h a s  t h e  a  c o n f i g u r a t i o n .  Thus the  s t r u c tu r e  and s te reochem is try  
of s a l a n n i n  i s  as  shown i n  D l .
Because o f  t h e  marked s i m i l a r i t y  between s a la n n in  and nimbin, an 
a ttem pt was made t o  c o r r e l a t e  them.. The method envisaged f o r  t h i s  was to  
o x id is e  t h e  m e th y le n e  group o f  th e  t e t r a h y d r o fu r a n  in  sa la n n in  to  the  
Y - l a c t o n e  and t o  fo rm  t h e o ,  j -p -u n sa tu re te d  ketone in  r in g  A.
F i r s t ,  an  a t t e m p t  was made to  o x id is e  the  te t r a h y d ro fu ra n  o f  sa la n n in  
to  th e  c o r r e s p o n d in g  Y - l a c to n e  w i th  chromium t r i o x id e  in  a c e t ic  a c id .
This r e s u l t e d  i n  a m ix tu re  o f  s i x  compounds from which by chromatography 
a more p o l a r  compound, y 1710, 1740, 1760, 1795 cm"^ could be
i s o l a t e d  w h ic h  was r e a s o n a b ly  p u re ,  as judged by t h i n  la y e r  chromatography. 
U n f o r tu n a t e l y ,  t h i s  compound f a i l e d  t o  c r y s t a l l i s e  and was not f u r t h e r  
i n v e s t i g a t e d .
S e c o n d ly ,  t h e  method e n v isa g e d  t o  form th e  a ,  (3 u n sa tu rc te d  kotone in  
r in g  A was t o  t r e a t  t h e  d i o l  (D2 ) w i th  to lu e n e -p -su lp h o n y l  c h lo r id e  to  
form th e  m o n o to s y la te  (D6 ) a t  th e  l e s s  h indered  Cg p o s i t i o n ,  to  o x id ise  
th e  a l c o h o l  a t  C-^  t o  t h e  k e to n ic  f u n c t io n  and, f i n a l l y ,  to  e l im in a te  
the  e le m e n ts  o f  t o lu e n e - p - s u lp h o n i c  ac id  by r e f lu x in g  th e  k e to - to s y l a te  
i n  c o l l i d i n e  t o  fo rm  th e  enone f u n c t i o n .
S in c e  t h e  o x i d a t i o n  o f  th e  t e t r a h y d r o f u r a n  had f a i l e d  to  y ie ld  
the  d e s i r e d  p r o d u c t ,  i t  was dec ided  to  reduce nimbin w ith  l i th iu m
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aluminium h y d r id e  t o  a f f o r d  t h e  t e t r o l  (D7) which on trea tm en t w ith
t o lu e n e - p - s u lp h o n y l  c h l o r i d e  would r e a d i l y  form the  primary to lu e n e -
p - s u lp h o n a te s  a t  C4  and T h is  in te rm e d ia te  would be expected7 to
e l im in a te  t h e  e le m e n ts  o f  t o lu e n e - p - s u lp h o n ic  acid  r e a d i ly  w ith  formation
of th e  t e t r a h y d r o f u r a n  r i n g  in v o lv in g  carbon atoms CA and C . The enone
4 6
derived  from  s a l a n n i n  on l i t h i u m  aluminium hydride re d u c t io n  and attempted
t o s y l a t i o n  would be e x p e c te d  t o  a f f o r d  t h e  same product (D8 ).
The t r e a t m e n t  o f  t h e  d i o l  w i th  to lu e n e -p -su lp h o n y l  ch lo r ide  afforded
th e  m o n o to s y la te  (D6 ) ,  Og m .p. 165 -  167°, V max (n u jo l)  3380,
1730, 1370, 1180 cm“ ^ .  The m ono tosy la te  had bands in  the  nuc lear  magnetic
resonance  s p e c t ru m  a t  t 2 .2  -  2 .7  (4H, arom atic p ro to n s ,  m u l t i p l e t ) ,
I
T 5 .3  ( lH , t r i p l e t ,  H -  C -  OTs) and T 7 .58  (3H, s i n g l e t ,  aromatic CHg), 
The p r o d u c t  o f  chromium t r i o x i d e - p y r i d i n e  o x id a t io n  of the  
m o n o to sy la te  showed, i n  t h e  n u c le a r  magnetic resonance spectrum, the  
d i s a p p e a ra n c e  o f  t h e  t o s y l a t e  group and the  presence of doub lets  a t  
2 .92  and T 4 .1  (2H, d o u b l e t s ,  J  = 10 c . p . s . ) .  The in f r a r e d  confirmed 
th e  l o s s  o f  t h e  t o s y l a t e  group and showed ab so rp t io n  i n  the  carbonyl 
r e g io n  a t  1730 and 1675 cm” 1 . These o b se rv a t io n s  can b e s t  be accounted 
f o r  by th e  o x i d a t i o n  o f  t h e  a lc o h o l  a t  Cx to  the  ke ton ic  group and the  
f a c i l e  rem ova l  o f  t h e  e le m e n ts  o f  to lu e n e -p - s u lp h o n ic  acid  to  form the  
u n s a t u r a t e d  k e to n e  (D9) in  r in g  A. U n fo r tu n a te ly ,  t h i s  compound 
could n o t  be in d u ce d  t o  c r y s t a l l i s e  and th e s e  s tu d ie s  were not f u r th e r  
p u r su e d .
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Table I
R esonances  ( t ) o f  L n g u la r  M ethyl Groups i n  th e  Nuclear Magnetic 
Resonance S p e c t r a  o f  S a l a n n in  and i t s  D eriv a t iv e s . .
Compound D1 D2 D3 D4 D5
C25 8 .6 7 8 .72 8.70 8.70 8,62
° 2 2 8 .7 7 8 .8 9 8.85 8.80 8.70
C24 9 .0 1 9 .11 9.05 9.06 8 .8 8
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E x p e r im en ta l
The i s o l a t i o n  o f  s a l a n n i n  C3 4  H4 4  0 g , m .p .  167 -  1 7 0 ° J a ]  D f  167°
(C 1.2 i n  c h lo ro fo rm )  V 1710, 1743 cm"*l, i s  d e s c r ib e d  on page
H y d r o ly s i s  o f  S a l a n n i n .
a ) .  S a la n n in  (400 mgs) was d i s s o lv e d  i n  5# m e th a n o l ie  p o ta s s iu m  h y d ro x id e  
and th e  s o l u t i o n  was l e f t  a t  room te m p e ra tu re  f o r  two h o u r s .  The 
s o l u t i o n  was d i l u t e d  w i t h  w a te r  and th e  a c i d i f i e d  r e a c t i o n  m ix tu re  
was e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The rem oval o f  s o l v e n t ,  gave
a gum (390 mgs) w hich  on m e th y la t io n  w i t h  d iazom ethane  showed i t  
t o  be a m ix tu re  o f  s t a r t i n g  m a t e r i a l  and two more p o l a r  compounds 
( t h i n - l a y e r  c h r o m a to p l a te ) .  The m ix tu re  o f  m ethy l e s t e r s  was 
ch rom atographed  on Grade IV a c id  a lum ina  (20 gm s). Benzene e l u t e d  
s a l a n n i n  (165 m gs), m .p .  165 -  168°. C h lo ro fo rm -benzene  (3 :  17) 
e l u t e d  h y d r o x y - t i g l a t e  (D3) (130 mgs) m .p .  213 -  215° (from  e t h y l  
a c e t a t e - p e t r o l ) ,  + 137° (C, 0 .9 4  i n  c h l o r o f  orm ), v ^ x ^
( f r e e  h y d r o x y l ) ,  1742 (m ethyl e s t e r )  and 1717 ( t i g l a t e  e s t e r )  cm” l .
(Found C, 6 9 .2 6 ;  H, 7 .6 8 .  C32 H42  0g r e q u i r e s  C, 6 9 .2 9 ;  H, 7 .6 3 # ) .
C h lo ro fo rm -benzene  ( l : l )  e lu t e d  t h e  d i o l  (D2) (80 m gs), m.p* 201 -  205° 
(from  e t h y l - a c e t a t e - p e t r o l ), L a ] p  f- 135° (C, 1 .13  i n  c h lo r o f o rm ) ,  
v max4  ^465 (bonded h y d r o x y l ) ,  1718 (bonded m ethy l  e s t e r )  cm“ l .
(Found C, 6 8 .7 1 ;  H 7 .5 0 .  C2? H3g 0 ? r e q u i r e s  C, 6 8 .6 2 ;  H, 7 .6 8 # ) .
b ) ,  S a la n n in  (460 mgs) was t r e a t e d  w i th  10# m e th a n o l ic  p o ta s s iu m  h y d ro x id e  
f o r  18 h o u rs  a t  room t e m p e r a t u r e .  The s o l u t i o n  was d i l u t e d  w i th
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w a t e r ,  a c i d i f i e d  w i th  d i l u t e  h y d r o c h lo r i c  a c id  and e x t r a c t e d  w i th  
e t h y l  a c e t a t e .  The rem oval o f  s o lv e n t  gave a g l a s s  (405 mgs) 
t o g e t h e r  w i th  t i g l i c  a c id  m .p . ( i d e n t i c a l  w i th  a u t h e n t i c  m a t e r i a l  
i n  m .p . ,  m .m .p . ,  and I . R . ) ,  w hich  had sublim ed from  t h e  e t h y l  
a c e t a t e  s o l u t i o n .  The a c id  was d i s s o l v e d  i n  m ethano l  and e x c e s s  
e t h e r e a l  d iazom ethane  added t o  y i e l d  t h e  d i o l  (380 mgs) m .p . 201 -  205 
( i d e n t i c a l  w i t h  t h e  d i o l  p re p a re d  as above,).
D i a c e t a t e  (D4)
The d i o l  (D2 ) (230 mgs) was d i s s o l v e d  i n  "A n a la r"  p y r id i n e  (2 m l ) ,  
"A n a la r"  a c e t i c  a n h y d r id e  (2 m l)  added and th e  s o l u t i o n  l e f t  a t  room 
t e m p e ra tu re  f o r  t h r e e  d a y s .  W ater was added and t h e  s o l u t i o n  was e x t r a c t e d  
w i t h  e t h y l  a c e t a t e .  The u s u a l  w ork-up gave a gum (225 mgs) w hich  was 
ch rom atographed  on Grade I I I  a c id  a lum ina  (8  m g s) ,  E th e r -b e n z e n e  ( o ; 17 ' 
e l u t e d  t h e  d i a c e t a t e  (D4) (180 m gs), m .p .  230 -  234° (from  e t h y l  a c e t a t e -  
p e t r o l ) ,  [ c ]  + 1 2 6 °  (C, 1 .1  i n  c h lo r o f o r m ) ,v  j ^ x ^  -*-743 ( a c e t a t e s  and
m eth y l  e s t e r )  cm*" -^. (Found C, 6 6 .8 3 ;  H, 7 .28  ; C31 H40 °9  reclu i r e s  
C, 6 6 .8 9 ;  H, 7 .2 4 # ) .
O x id a t io n  of  t h e  D io l
S a l a n n in  d i o l  (D2 ) (110 mgs) was d i s s o l v e d  i n  nA n a la r"  p y r id in e  
(1 m l ) ,  chromium t r i o x i d e  (400 mgs) i n  p y r id i n e  (5 m l)  added and 
s o l u t i o n  was l e f t  a t  room te m p e ra tu re  f o r  18 h o u r s .  The u s u a l  w ork-up  
gave a r e d  gum w hich was chrom atographed  on Grade IV a c id  a lum ina  (10 gms).
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C hlo ro fo rm  e l u t e d  th e  k e t o l  (D5) (40 m gs), m .p .  253 -  255° (from  e t h y l
1719 (bonded m ethy l  e s t e r )  cm"1 . (Found C, 6 7 .8 3 ;  H, 7 .1 1 .  Cgy Hg4  0 7 
r e q u i r e s  C, 6 8 .9 2 ;  H, 7 .2 8 ^ ) .
O x id a t io n  o f  S e l r n n i n
t r i o x i d e  (50 mgs) i n  a c e t i c  a c id  (50 m l)  and s o l u t i o n  h e a te d  a t  60° f o r
5 m in s .  M ethanol was added and th e  s o l u t i o n  was e x t r a c t e d  w i t h  e t h y l
a c e t a t e .  The u s u a l  w ork-up  gave a gum w hich  showed s i x  s p o ts  on a
c h r o m a to p la te .  The gum was ch rom atographed  on Grade IV a c id  a lu m in a .
B e n z e n e -c h lo ro fo rm  ( l :  4 )  e l u t e d  m a t e r i a l  (6  m gs)v  CCI4  1650, 1710,
max
1740, 1760, 1795 cm“ -^  w h ic h ,  a l th o u g h  i t  was r e a s o n a b ly  pure  as  judged  
by t h i n - l a y e r  ch rom atog raphy , f a i l e d  t o  c r y s t a l l i s e .
M o n o to sy la te  (D6 )
S a l a n n in  d i o l  (D2 ) (190 mgs) was d i s s o lv e d  i n  p y r id i n e  (3 m l)  and 
t o lu e n e - p - s u lp h o n y l  c h lo r i d e  ( l  gm) was added and l e f t  a t  room te m p e ra tu re  
f o r  36 h o u r s .  The u s u a l  work-up gave a gum (230 mgs) w h ich  was 
c h rom atographed  on Grade IV a c id  a lum ina  (15 gm s). C h lo ro fo rm -benzene  
(1 :  19 -  1 -  9 )  e l u t e d  th e  m o n o to sy la te  (D6 ) (145 m gs), m .p .  165 -  167° 
(from  aqueous m e th a n o l) ,  v 3380, 1730, 1370,, 1180 cm*”^ .  (Found C, 
6 4 .4 9 ;  H, 6 . 4 0 .  C3 4  H42  O9 r e q u i r e s  C, 6 5 .1 5 ;  H, 6 ,7 5 $ ) .  E l u t i o n
c h lo r o f o r m ) ,  V ^ ^ 3  3450 (bonded h y d r o x y l ) ,
S a la n n in  (10 mgs) was d i s s o l v e d  i n  a c e t i c  a c id  (0 ,5  m l)  and t o  t h i s  
was added a s o l u t i o n  (4 m l)  o f  chromium t r i o x i d e  i n  a c e t i c  a c id  chromium
w i t h  c h lo ro fo rm -b e n z e n e  ( I s  l )  e l u t e d  unchanged d i o l  (55 mgs) m .p .  198 -  203° 
( i d e n t i c a l  i n  I . R . ,  m .p . ,  m .m .p . w i th  a u t h e n t i c  s a m p le ) .
O x id a t io n  o f  M o n o to sy la te  (D6 )
The t o s y l a t e  (50 mgs) was d i s s o lv e d  i n  p y r id i n e  (3 m l ) ,  chromium 
t r i o x i d e  (250 mgs) was added and th e  s o l u t i o n  l e f t  a t  room te m p e ra tu re  
f o r  18 h o u r s .  The u s u a l  w ork-up a f f o r d e d  a gum (48 mgs) w hich  was 
ch rom atographed  on Grade IV a c id  a lum ina  (11 gm s), C h lo ro fo rm -benzene  
(3 ;  17 -  l j  4 )  e l u t e d  m a t e r i a l  (30 mgs) V max ( n u j o l )  1730, 1675 w hich  
a l th o u g h  i t  was pu re  as  judged  by t h i n - l a y e r  ch rom atography  f a i l e d  t o  
c r y s t a l l i s e .
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